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ABSTRACT 
Muddy Creek Formation: a Record of Late Neogene Tectonics and Sedimentation 
in Southern Nevada 
by 
Thomas William Muntean 
Dr. Andrew Hanson, Examination Committee Chair 
Associate Professor of Geology 
University of Nevada, Las Vegas 
 
The Late Neogene Muddy Creek Formation (MCF), exposed in the vicinity of Lake 
Mead in southern Nevada, represents the youngest widespread Cenozoic sedimentary 
sequence in the region and is the focus of this study.  Historically, the MCF has been 
largely ignored, with limited previous studies providing only regional-scale constraint on 
the age, stratigraphy, and mode of deposition for the formation; resulting in a data gap for 
our understanding of the Late Cenozoic tectonic and sedimentological evolution of 
southern Nevada. 
This study hypothesizes (1) that the MCF was deposited syn-tectonically in the 
Overton Arm region and (2) that the MCF was derived, at least in part, from sediment 
sourced from the Colorado Plateau and potentially transported by the ancestral Colorado 
River.  This study combines new 1:24,000 scale geologic mapping with detrital zircon, 
sandstone petrography, and conglomerate petrology data and new age data from the MCF 
to develop a depositional model for the MCF, evaluate formation provenance, and test if 
the MCF may have been deposited by the ancestral Colorado River.  Within this study, I 
refer to the “ancestral Colorado River” as the Colorado River prior to establishment of its 
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modern course (through the mouth of the Grand Canyon) between approximately 5.5-4.5 
Ma.   
Stratigraphic and structural data, 40Ar/39Ar geochronology, and tephrochronology 
data were used to test hypothesis 1 above.  Based on interpretation these data (plus 
existing age data), this study concludes the MCF was deposited syn-tectonically in the 
Overton Arm region of southern Nevada within the Overton Arm pull-apart basin 
(resulting, in part, from a normal step-over structure that kinematically links the Rogers 
Spring and Hen Spring faults) and provides a local depositional model for the formation 
from approximately 8 Ma to 4 Ma.  This study also concludes that major tectonic activity 
within the Lake Mead fault system occurred until approximately 5 Ma, significantly later 
than the 8 Ma interpretations from previous studies. 
Detrital zircon, lithologic, and geochronology data were used to test hypothesis 2 
above.  Based on interpretation these data, the MCF records a mixed Basin and Range 
and Colorado Plateau provenance since at least 6.6-6.02 Ma.  Deposited prior to 
integration of the modern Colorado River and partially sourced from the Colorado 
Plateau, the lower MCF may represent strata deposited by the ancestral Colorado River.  
The uppermost MCF records ancestral Virgin River deposition; therefore the MCF 
potentially records the evolution of Colorado Plateau drainage from an ancestral 
Colorado River system to a combined Virgin River and modern Colorado River system. 
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CHAPTER 1 
DISSERTATION OVERVIEW 
CENOZOIC BASIN AND RANGE SEDIMENTARY RECORD 
Many Cenozoic Basin and Range sedimentary units lack detailed study.  Previous 
Basin and Range research has focused predominantly on Mesozoic and Paleozoic rocks 
and Cenozoic structural geology and volcanism to develop the geologic evolution of the 
region, with only minimal study of the Cenozoic sedimentary record.  As such, these 
basin sequences are a largely untapped and un-cataloged repository of data that record 
local and/or regional Basin and Range tectonic and sedimentological events.    
In the central Basin and Range, Oligocene and younger sedimentary rocks record the 
tectonic evolution of the Lake Mead region, yet have received limited early study (e.g., 
Longwell, 1921 and 1936; Stock, 1921) that briefly described their character and 
typically provided only relative age relationships between units.  Later studies (e.g., 
Bohannon, 1984) recognized the deficiency of data from these sedimentary sequences 
and provided a more detailed account of the Cenozoic sedimentary record in the Lake 
Mead area, including compositional data, available age control, and general depositional 
models.  The Late Oligocene to Middle Miocene Horse Spring Formation and the Middle 
to Late Miocene red sandstone unit have been the focus of more recent studies (e.g., 
Beard, 1996), which have provided greater control on the timing and mode of Cenozoic 
tectonic evolution of the Lake Mead region.  However, the Late Miocene to Early 
Pliocene Muddy Creek Formation (MCF) remained largely unstudied. 
Due to a lack of detailed study of the MCF, the Cenozoic tectonic and 
sedimentological record of southern Nevada is only partially understood; much like 
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reading a 27 chapter-long novel, only to discover that Chapters 19 through 23 (the MCF) 
are missing.  The events leading up to the end (Oligocene through Middle-Late Miocene) 
are largely understood and the end (Late Pliocene to Holocene) is known, but the reader 
can only make inference as to what happened in between (Late Miocene to Early 
Pliocene).   More detailed study of MCF will better constrain the timing and style of 
regional tectonics and the mode of sedimentation in the Lake Mead region from 
approximately 8.5 Ma to less than 4 Ma (Bohannon, 1984; Williams, 1996; Lamb et al., 
2005). 
THE MUDDY CREEK FORMATION 
The MCF represents the youngest widespread Cenozoic sedimentary sequence in the 
Lake Mead region and is the focus of this study.   Limited previous studies concluded the 
MCF was predominantly deposited as post-tectonic infill (e.g., Bohannon, 1984; 
Kowallis and Everett, 1986; Dicke, 1990).  Other indirect studies (e.g., Campagna and 
Aydin, 1994; Beard et al., 2010) indicated the formation was locally syn-tectonic but 
lacked direct evidence.  The provenance of the MCF is also unresolved within previous 
work.  Early studies (e.g. Bohannon, 1984) concluded the formation was derived from 
locally sourced sediments.  Recent provenance interpretations have varied and include a 
predominantly local Basin and Range source (e.g., Pederson, 2008), a far-traveled 
Colorado Plateau source (e.g., Schmidt, 2001), or a predominantly Basin and Range 
source with Colorado Plateau contribution (Forrester, 2010). 
The Late Neogene MCF is exposed within the Lake Mead Region and is reported to 
consist of fluvial and lacustrine deposits, typically ranging in grain size from sand to 
mud, and includes common gypsiferous beds (Bohannon, 1984).  Conglomerate beds are 
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less common; most frequently occurring along basin margins (Bohannon, 1984).  
Reported ages for the base of the formation range from approximately 8 Ma (Lamb et al., 
2005) to younger than 10.6 Ma (the age of the underlying and informally named red 
sandstone unit; Bohannon, 1984).  The upper age of the MCF is at least as young as 4.1 ± 
0.2 Ma (Williams, 1996), based on whole-rock K-Ar analysis of a basalt flow interbedded 
near the top of formation in the vicinity of Mesquite, Nevada. 
DISSERTATION RESEARCH 
Chapters 2, 3, and 4 comprise the main body of this document and were prepared as 
works intended for individual publication.  Each chapter focuses on aspects of the MCF, 
exposed within the vicinity of the Overton Arm of Lake Mead, southern Nevada.  This 
section briefly details each of the three chapters. 
Chapter 2, entitled “Late Neogene tectonic activity within the Lake Mead fault 
system and the Overton Arm basin: Results from the Muddy Creek Formation, southern 
Nevada,” develops the stratigraphy of the MCF in the Overton Arm region and presents a 
depositional model.  Previous studies (e.g., Bohannon, 1984; Kowallis and Everett, 1986; 
Dicke, 1990) concluded the MCF was deposited as post-tectonic infill, following 
cessation of major regional tectonism at approximately 8 Ma (Beard et al., 2010; Faulds 
et al., 2010; Howard et al., 2010; Lamb et al., 2010).  This study hypothesizes the MCF 
was deposited syn-tectonically in the Overton Arm region.  If the MCF was deposited 
syn-tectonically, then the timing of cessation of significant tectonic activity within the 
region will be extended to less than 8 Ma and potentially at least as recent as 4 Ma.   
To test if the MCF was deposited syn-tectonically new 1;24,000 scale geologic 
mapping was completed as part of this study within the northern Overton Arm region.  
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This mapping was used to develop the local stratigraphy of the MCF and identify 
structural features affecting the MCF.  New geochronologic data were obtained from the 
MCF, to better constrain the timing of MCF deposition and deformation within the study 
area. 
This study defines five informal members of the MCF within the Overton Arm region 
(Figure 1.1).  The lower member (Tmcl) consists of sandstone, siltstone, gypsiferous 
siltstone, and interbedded basalt.  The Tmcl member records a lateral facies change, 
where the sand content increases northward and eastward within the study area; gypsum 
content increases southward and is largely absent to the north.  In the northern part of the 
study area, adjacent to Overton Ridge, a lower coarse-grained (conglomeratic) member 
(Tmcc) intertongues with Tmcl and represents deposits near the margin of the greater 
MCF basin (Bohannon, 1983a, Beard et al., 2007).  The upper member is divided into 
three parts: (1) interbedded sandstone, siltstone, and conglomerate (Tmcu1), (2) 
interbedded coarse conglomerate and sandstone (Tmcu2), and (3) interbedded sandstone 
and siltstone (Tmcu3).  Deposition of members Tmcu1 and Tmcu2 was largely coeval and 
the units represent a lateral facies variation. 
This study refutes previous conclusions that the formation was everywhere deposited 
as post-tectonic infill and presents a depositional model for the MCF from approximately 
8 Ma to 4 Ma.  In the Overton Arm area, the MCF records syn-tectonic deposition within 
the Lake Mead fault system and Overton Arm basin (pull-apart basin).  Syn-tectonic 
features identified during this study include an intra-formational angular unconformity 
and a dip-fanned conglomerate sequence that thickens laterally.  These features are 
attributed to Late Neogene motion along the kinematically linked Hen Spring and Rogers 
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Spring faults of the Lake Mead fault system and extend the timing of significant activity 
with the fault system from a previously interpreted age of 8 Ma to until at least as recent 
as approximately 5 Ma.  Post-depositional (less than approximately 4 Ma) motion along 
these faults resulted in additional lesser deformation of the MCF in the Overton Arm 
region. 
Chapter 3, entitled “Detrital zircons from the Neogene Muddy Creek Formation, 
southern Nevada: A test for provenance and the ancestral Colorado River,” evaluates the 
source of the MCF using a combination of detrital zircon geochronology, sandstone 
petrography, and conglomerate petrology and hypothesizes that the MCF (in the Overton 
Arm region) was derived, at least in part, from sediment sourced from the Colorado 
Plateau and transported by the ancestral Colorado River.  Within this study, I refer to the 
“ancestral Colorado River” as the Colorado River prior to establishment of its modern 
course between approximately 5.5-4.5 Ma, when the river began to exit the Colorado 
Plateau through the mouth of the Grand Canyon (Lucchitta, 1979; Howard and 
Bohannon, 2001; Spencer et al., 2001; Faulds et al., 2002; House et al., 2005).   
Detrital zircon, sandstone, and conglomerate samples collected from the MCF in the 
Overton Arm region, as part of this study, demonstrate a mixed Colorado Plateau and 
Basin and Range source for the formation since at least 6.6-6.02 Ma (Feuerbach et al., 
1991; Beard et al., 2007).  Based on these sample data, this study concludes the lower 
MCF was deposited by a river system that drained the Colorado Plateau prior to 
integration of the modern Colorado River.  Therefore the lower MCF may represent strata 
deposited by the ancestral Colorado River.  This study further concludes that the 
uppermost MCF was deposited by an ancestral Virgin River; therefore the MCF 
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potentially records the evolution of Colorado Plateau drainage from an ancestral 
Colorado River system to a combined Virgin River and modern Colorado River system.  
This study acknowledges the possibility that the MCF entirely represents strata deposited 
by an ancestral Virgin River system and that the terminal deposits of the ancestral 
Colorado River remain undetermined.  Although this study cannot confirm the MCF was 
deposited by the ancestral Colorado River, it does demonstrate that the MCF cannot be 
discounted as having been deposited by the ancestral Colorado River 
Chapter 4, entitled “Preliminary geologic map of the Valley of Fire East Quadrangle, 
Clark County, Nevada,” presents new 1:24,000 geologic mapping within the vicinity of 
the Overton Arm of Lake Mead.  Detailed geologic maps are lacking for numerous 7.5-
minute quadrangles throughout Nevada, including the Overton Arm region. Detailed 
geologic maps were necessary to complete my research related the Muddy Creek 
Formation (MCF); to identify stratigraphic/geographic distribution of MCF exposures 
and structural features affecting the MCF.  Therefore, new 1:24,000 geologic mapping 
was completed within the vicinity of the Overton Arm of Lake Mead during this study 
and a new geologic map for the Valley of Fire East Quadrangle was compiled.   
This chapter reinterprets and expands on previous 1:62,500 scale (Bohannon, 1983a), 
1:100,000 scale (Beard et al., 2007), and 1:250,000 scale (Felger and Beard, 2010) 
geologic mapping to provide a new geologic map for the Valley of Fire East Quadrangle, 
previously unmapped at the 1:24,000 scale.  The Valley of Fire East Quadrangle geologic 
map was prepared using a combination of methods: (1) compilation from existing maps, 
(2) aerial photography mapping, (3) field and reconnaissance mapping, and (4) spot-
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checking of features mapped using aerial photography and/or compiled from previous 
studies.   
Detailed geologic mapping allowed for identification of three informal members of 
the MCF (Tmcu, Tmcl, and Tmcc) within the Valley of Fire East Quadrangle and 
recognition of structural features related to the Lake Mead fault system that affect the 
MCF.  Identification of the three informal members of the MCF in the map area, along 
with two additional MCF members identified to the east and northeast of the quadrangle 
(from additional mapping completed as part of Chapter 2 studies), provided the basis for 
developing the local MCF stratigraphy and depositional history included in Chapters 2 
and 3.  Faults mapped within the Valley of Fire East Quadrangle and vicinity were 
interpreted to kinematically link the Rogers Spring fault with the Hen Spring fault 
(located to the northeast of the Valley of Fire East Quadrangle).  Recognition of these 
structures was important in the development of the local syn-tectonic depositional model 
for the MCF that is presented in Chapter 2. 
Together, these three chapters provide detailed study of the MCF in the vicinity of the 
Overton Arm.  These studies address MCF provenance and include a local depositional 
model for the formation.  New 1:24,000 scale geologic mapping is included for 
approximately one-and-one-half 7.5” quadrangles, previously unmapped at this scale; 
contributing to the overall understanding of southern Nevada geology. 
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CHAPTER 2 
LATE NEOGENE TECTONIC ACTIVITY WITHIN THE LAKE MEAD FAULT 
SYSTEM AND THE OVERTON ARM BASIN: RESULTS FROM THE MUDDY 
CREEK FORMATION, SOUTHERN NEVADA 
ABSTRACT 
The Late Neogene Muddy Creek Formation (MCF) is extensively exposed within the 
Lake Mead region of southern Nevada, yet limited previous study has resulted in an 
incomplete understanding of local Late Neogene tectonic events (between approximately 
8.5 and 4 Ma).  This study hypothesized that the MCF was deposited syn-tectonically in 
the vicinity of the northern Overton Arm of Lake Mead.  If the MCF was deposited syn-
tectonically in the area of the northern Overton Arm, it would extend the timing of 
cessation of significant tectonic activity within the region from a previously interpreted 
age of approximately 8 to potentially as recent as 4 Ma.   
This study investigated MCF exposures in the northern Overton Arm of Lake Mead, 
presents new 1:24,000 scale mapping from the northern Overton Arm region, defines five 
informal stratigraphic members of the formation, and provides a depositional model for 
the MCF from approximately 8 Ma to 4 Ma. Analyses of tephras from the middle and 
upper MCF yielded new ages of 6.62 ± 0.03 Ma (tephrochronology) and 7.09 ± 0.20 Ma 
(40Ar/39Ar; detrital K-feldspar), respectively. 
In the Overton Arm area, the MCF records syn-tectonic deposition within the Lake 
Mead fault system and Overton Arm basin (pull-apart basin) until at least as recent as 
approximately 5 Ma.  Syn-tectonic features include an intra-formational angular 
unconformity and a laterally thickening dip-fanned conglomerate sequence; features 
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attributed to Late Neogene motion along the kinematically linked Hen Spring and Rogers 
Spring faults of the Lake Mead fault system.  Post-depositional (< 4 Ma) motion along 
these faults resulted in additional lesser local deformation of the MCF. 
INTRODUCTION 
The Late Neogene Muddy Creek Formation (MCF) occurs extensively throughout the 
Lake Mead region of southern Nevada (Figure 2.1), an area that has experienced 
significant extension-translation during Miocene time (Bohannon, 1984; Faulds et al., 
2001a).  The MCF has seen little detailed work since first formalized in the 1920s and 
1930s by C.R. Longwell (e.g., Longwell 1921 and 1936).  Limited previous studies of the 
formation have regionally constrained the age, stratigraphy, and mode of deposition (e.g., 
Bohannon, 1984; Kowallis and Everett, 1986; Dicke, 1990).  However, a lack of detailed 
study of the MCF has resulted in an incomplete understanding of Late Neogene tectonic 
events within the Lake Mead region. 
East-west extension was initiated within the greater Lake Mead region during the 
Early Miocene, with peak extension occurring from approximately 16 to 13 Ma 
(Bohannon, 1984; Faulds et al., 2001a; Faulds et al., 2010).  The Lake Mead fault system 
developed during the final stage of regional tectonic activity (Beard, 1996; Anderson and 
Beard, 2010; Beard et al., 2010) and consists of a series of kinematically linked 
northeast-southwest striking left-lateral faults occurring within the Lake Mead region 
(Figure 2.2).  Regional tectonic activity was waning by 10-8 Ma, though some faults 
were locally active after this time, including limited Quaternary activity (Campagna and 
Aydin, 1994; Faulds et al., 2010; Howard et al., 2010; Lamb et al., 2010).  Beard et al. 
(2010) stated that motion along the Hen Spring and Rogers Spring faults, in the northern 
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Overton Arm region, occurred post-10 Ma to the Quaternary.  Beard et al. (2010) cites 
Quaternary fault scarps as evidence for recent limited activity along these faults but does 
not constrain the timing of tectonic activity within the post-10 Ma to Quaternary age 
range.  Therefore, the timing of cessation of significant tectonic activity in the Lake Mead 
fault system remains unresolved, except that it occurred at, or after, approximately 10 to 
8 Ma. 
A thick sequence of Cenozoic sediments was deposited throughout the Lake Mead 
region just prior to the initiation of, during, and following regional Miocene extension.  
These units include the Horse Spring Formation, the red sandstone unit, and the MCF 
(Bohannon, 1984).  The MCF represents the youngest widespread Cenozoic sedimentary 
sequence, deposited from approximately 8 Ma to approximately 4 Ma (Williams, 1996; 
Lamb et al., 2005).  Previous studies (e.g., Bohannon, 1983b) concluded that the MCF 
consists of post-tectonic infill within local basins that were underfilled at the cessation of 
major regional tectonic activity at approximately 10-8 Ma.  However, these previous 
studies were completed at the reconnaissance-level and/or were of limited regional or 
stratigraphic extent, therefore may not accurately reflect the mode of MCF deposition in 
all areas.  
I hypothesize that the MCF was deposited syn-tectonically in the vicinity of the 
northern Overton Arm area.  If the MCF in this area was deposited syn-tectonically, then 
this will extend the timing of cessation of significant tectonic activity within the region 
from a current interpreted age of approximately 8 Ma (Beard et al., 2010; Faulds et al., 
2010; Howard et al., 2010; Lamb et al., 2010) to potentially as recent as 4 Ma, the upper 
age of the MCF (Williams, 1996). To test if the MCF was deposited syn-tectonically new 
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1;24,000 scale geologic mapping was completed as part of this study within the northern 
Overton Arm region.  This mapping was used to develop the local stratigraphy of the 
MCF and identify structural features affecting the MCF.  New geochronologic data were 
obtained from the MCF, to better constrain the timing of MCF deposition and 
deformation within the study area. 
GEOLOGIC SETTING 
Muddy Creek Formation 
The MCF is the youngest widespread Cenozoic sedimentary unit exposed within the 
Lake Mead region (Figure 2.3).  The MCF stratigraphically overlies (unconformably) the 
informally named red sandstone unit (11.7 Ma to approximately 8.5 Ma; Bohannon, 
1984; Harlan et al., 1998; Lamb et al., 2005; Beard et al., 2007).  The red sandstone unit, 
in turn, unconformably overlies the Horse Spring Formation (26 Ma to 13 Ma; 
Bohannon, 1984; Beard, 1996; Beard et al., 2007). 
The MCF is interpreted to represent Late Miocene post-tectonic deposition within a 
series of internally drained basins and consists of fluvial and lacustrine deposits, typically 
ranging in grain size from sandstone to mudstone and including common gypsiferous 
beds (Bohannon, 1984).  Conglomerate beds are less common; most frequently occurring 
along basin margins (Bohannon, 1984).  The basal age of the MCF is reported to range 
from approximately 8 Ma (Lamb et al., 2005) to younger than 10.6 Ma (the upper age of 
the underlying red sandstone unit; Bohannon, 1984).  The upper age of the MCF is at 
least as young as 4.1 ± 0.2 Ma (Williams, 1996), based on whole-rock K-Ar analysis of a 
basalt flow interbedded near the top of formation in the vicinity of Mesquite, Nevada.  
With these ages, the total range of the MCF is reasonably well constrained.  However, 
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MCF age data are sparse (regionally and in total) and MCF stratigraphy is complex, 
therefore the age of MCF exposures within any given area is poorly constrained, except 
in those few areas from which ages have been determined. 
To the north of the study area, in Virgin Valley, the formation predominantly consists 
of fine- to medium-grained sandstone, with lesser interbedded siltstone (Kowallis and 
Everett, 1986; Williams et al., 1997; Pederson, 2008; Forrester, 2010) described as Late 
Neogene fluvial and lacustrine intrabasinal fill by Kowallis and Everett (1986) but 
interpreted mainly as fluvial by Forrester (2010). A sequence of interbedded sandstone 
and conglomerate beds occurs within the upper 20-30 meters of the formation, is exposed 
throughout the Virgin Valley area (Pederson, 2008; Forrester, 2010), and possibly 
represents Early Pliocene Virgin River deposits (Pederson, 2008).  In the Meadow Valley 
Wash area, to the northwest of the study area, the formation predominantly consists of 
fine-grained sandstone and siltstone, deposited in fluvial, lacustrine, and eolian 
environments (Dicke, 1990).  Deposits to the south of the study area, in the southern 
Overton Arm area, largely consist of fluvial-lacustrine sandstone, siltstone, and 
gypsiferous siltstone and include thick (300 to 500+ meters) salt deposits at depth 
(Mannion, 1963; Longwell et al. 1965; Bohannon, 1983b, 1984).  Basalt flows are 
interbedded within the middle MCF in the Overton Arm area (Bohannon 1983b, 1984).  
A whole rock K-Ar date from one of these basalt flows yielded an age of 8 Ma (Eberly 
and Stanley, 1978).  Beard et al. (2007), reported ages of 6.15 and 6.6 Ma (preliminary 
40Ar/39Ar isochron ages) for the Overton Arm basalt flows; Feuerbach et al. (1991) 
reported 6.02 ± 0.39 Ma (plagioclase K-Ar). 
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Cenozoic Tectonic Framework 
A complex geologic setting comprises the Lake Mead region of southern Nevada. 
The region is situated near the boundary between the Colorado Plateau and the central 
Basin and Range (Figure 2.4), where Cenozoic stratigraphy and tectonic features are 
superimposed upon a pre-Cenozoic stratigraphic and structural assemblage. 
East-west extension in the Lake Mead region began at approximately 16.6 Ma, was at 
a maximum rate at approximately 16 to 13.5 Ma, and was waning by approximately 10 to 
8 Ma (Faulds et al., 2001a; Faulds et al., 2010; Howard et al., 2010).  Just prior to, 
during, and following this period of Late Cenozoic tectonics, a thick sedimentary 
sequence including the Horse Spring Formation, the red sandstone unit, and the MCF 
accumulated from prior to 26 Ma until approximately 4 Ma (Bohannon, 1984; Beard, 
1996; Williams, 1996). 
The study area is located within or immediately adjacent to three major structural 
systems of the Lake Mead region: the Lake Mead fault system, the Virgin River 
depression, and the Overton basin (Figures 2.2 and 2.5).  The MCF occurs within areas 
affected by each of these Neogene structural systems.  If the MCF was deposited syn-
tectonically within the study area, then one or more of these structural features are likely 
to have been tectonically active during MCF deposition.  
Lake Mead Fault System 
The Lake Mead fault system consists of a series of kinematically linked left-lateral 
faults within the Lake Mead region (Figure 2.2; e.g., Beard, 1996).   These faults include 
the Hamblin Bay and Bitter Spring Valley faults in the south; the Rogers Spring fault in 
the central part of the system; and the Bitter Ridge, Hen Spring, and Cabin Canyon faults 
 14 
in the north (e.g., Duebendorfer et al., 1998).  The fault system initiated prior to 16 Ma 
and was most active from approximately 16 Ma to 10-8 Ma (Beard et al., 2010; Faulds et 
al., 2010; Howard et al., 2010; Lamb et al., 2010).  Activity within the fault system was 
waning by approximately10-8 Ma with only local faulting until approximately 5.5 Ma, 
except within the northern Overton Arm area (e.g., Hen Spring and Bitter Ridge faults), 
where faulting continued post-5.5 Ma to the Quaternary (Beard et al., 2010; Faulds et al., 
2010; Howard et al., 2010; Lamb et al., 2010). 
Virgin River Depression 
The Virgin River depression is located to the north of the study area (Figure 2.5), 
within the Mormon Mesa corridor of Beard et al. (2010).  The structure of the Virgin 
River depression is defined from seismic and gravity data (Bohannon et al., 1984; 
Carpenter and Carpenter, 1994; Langenheim et al., 2000; Langenheim et al., 2001).  
Subsurface stratigraphy within the southern part of the Virgin River depression is 
characterized by the 5,962 meter-deep Mobil Virgin River No 1-A well (Figure 2.6; 
Garside et al., 1988).   
Gravity data indicate the basin consists of two sub-basins (Mormon sub-basin and 
Mesquite sub-basin) separated by a buried ridge that trends north-northwest (Figure 2.6; 
Bohannon et al., 1993).  Depth-to-basement calculations show the Cenozoic basin 
deposits (Horse Spring Formation, red sandstone unit, and MCF) up to eight kilometers 
in thickness (Langenheim et al., 2001).  The sub-basins are interpreted as east-tilted and 
structurally segmented half-grabens, bounded to the east by a listric normal fault 
(Piedmont fault; Bohannon et al., 1993).   
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Three stages of development characterize the Virgin River depression (Bohannon et 
al., 1993).  From 24 to 13 Ma, the Mormon sub-basin experienced slow subsidence with 
little internal deformation (Bohannon et al., 1993).  Between 13 and 10 Ma, the two sub-
basins became fully differentiated and separated by a now-buried ridge (Bohannon et al., 
1993).  Most fault activity ceased by 10 Ma and basin subsidence was uniform across a 
wide area, with sediment continuing to fill the basin until experiencing Quaternary 
dissection from an integrated regional drainage system (Bohannon et al., 1993).  Post-10 
Ma the Piedmont fault (eastern basin-bounding normal fault) and the Mormon Basin fault 
(southeastern portion of the Virgin River depression; now buried) were the only two large 
structures active on the margin of the basin (Bohannon et al., 1993).  The Piedmont fault 
has remained active into the Quaternary as the western range front fault to the north 
Virgin Mountains and is traceable northward to the Beaver Dam Mountains (Beard et al., 
2010).  Beard et al. (2010) structurally links the southern end of the Piedmont fault with 
the northern end of the Hen Spring fault of the Lake Mead fault system. 
Overton Arm Basin 
The Overton Arm basin, located within the study area, is interpreted by Campagna 
and Aydin (1994) as a pull-apart basin related to motion within the Lake Mead fault 
system (Figure 2.5).  The general character of the Overton Arm basin is defined by 
gravity data (Campagna and Aydin, 1994).  These gravity data show an asymmetric basin 
with approximately two kilometers of alluvial fill (Figure 2.7; Campagna and Aydin, 
1994).  Development of the Overton Arm basin as a pull-apart structure occurred post-10 
Ma, following establishment of the Hen Spring and Bitter Ridge faults (Beard et al., 
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2010).  The fault system responsible for the basin was most active during the Late 
Miocene, though limited activity continued into the Quaternary (Beard et al., 2010). 
GEOCHRONOLOGY METHODS AND RESULTS 
Tephra samples were collected from the MCF for 40Ar/39Ar and tephrochronology 
analyses.  Approximately two to four liters of sample material was collected at each 
sample location and placed in new (clean) gallon size plastic storage bags.  Samples were 
double- or triple-bagged for protection from sample loss or contamination.  Sample 
locations were recorded using a handheld global positioning system (GPS) receiver 
(Table 2.1 and Figure 2.8). 
40Ar/39Ar Geochronology 
One reworked tephra sample (TMASH001) was collected from the Tmcu3 member of 
the MCF for 40Ar/39Ar analysis (Table 2.1).  The sample was disaggregated using a rock 
crusher and disk-grinder.  The sample was sieved using a RoTap and the 100-500 μm 
fraction was retained for further processing, prior to analysis. The sample contained a 
significant amount of detrital quartz contamination and heavy liquids (methylene iodide 
cut with acetone to 2.60 s.g.) were used to separate out the quartz fraction, while 
retaining K-feldspar. K-feldspar grains were hand-picked for analysis. The K-feldspar 
separate was ultrasonically washed in acetone, rinsed with deionized water, treated with 
dilute hydrofluoric acid (~5%; to remove glass, if present), and again rinsed with 
deionized water, following the standard K-feldspar sample preparation procedures of the 
Nevada Isotope Geochronology Lab (http://www.unlv.edu/labs/nigl/prep.htm). Sample 
irradiation was conducted at the United States Geological Survey TRIGA Reactor in 
Denver, Colorado. Following irradiation, the sample was analyzed at the Nevada Isotope 
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Geochronology Lab at the University of Nevada, Las Vegas, following standard single-
crystal laser ablation mass spectrometry methods. 
Nine single grains were analyzed from sample TMASH001 for 40Ar/39Ar 
geochronology (Appendix I).  The nine K-feldspar grains yielded a wide range of ages, 
which are interpreted to represent a detrital K-feldspar assemblage (Table 2.2).  The 
youngest K-feldspar grain yielded an age of 7.09 ± 0.20 Ma and represents a minimum 
age for the reworked tephra, and a maximum age for the MCF at the sample location.  
The 7.09 ± 0.20 Ma grain is consistent with the age of one volcanic unit from the Timber 
Mountain caldera complex (Christiansen et al., 1977).  Six K-feldspar grains yielded ages 
ranging from approximately 15 to 21 Ma (Tables 2.2 and 2.3; Figure 2.9); consistent with 
ages of grains potentially derived from the Caliente caldera complex (Best et al., 1994; 
Gromme et al., 1997), the Marysvale volcanic field (Rowley et al., 1994), laccoliths 
exposed in the Pine Valley Mountains area (Hacker et al., 2007), the Timber Mountain 
caldera complex (Christiansen et al., 1977), and/or the Kane Springs Wash volcanic 
center (Novak, 1984; Novak and Mahood, 1986).  Two grains were significantly older 
(228 and 1318 Ma) and represent detrital grains derived from other sources or potentially 
as xenocrysts derived from one of the volcanic centers stated above. 
Tephrochronology 
Four tephra samples were collected from the Tmcl member of the MCF for 
tephrochronologic analysis (Table 2.1).  The tephra samples were processed and analyzed 
at the University of Utah following the methods of Perkins et al. (1998).  After 
processing, only one tephra sample (TMASH003) contained glass shards that were viable 
for analysis; the others were devitrified and unusable.    
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Sample TMASH003 was analyzed at the University of Utah electron microprobe 
laboratory, using a Cameca SX-50 electron microprobe.  Analysis results (Appendix I) 
were compared to the University of Utah’s western U.S. tephra database, which contains 
approximately 3,000 tephra samples that range in age from approximately 16 Ma to the 
Holocene (M.E. Perkins, written communication). 
Comparison of electron microprobe data from TMASH003 to the tephra database 
resulted in a good correlation to the Blacktail Creek tephra of Perkins et al. (1998).  The 
source of the Blacktail Creek tephra is the Heise volcanic field in the Snake River Plane 
of Idaho (Perkins et al., 1998; Morgan and McIntosh, 2005).  The Blacktail Creek Tuff 
has been dated at 6.62 ± 0.03 Ma (Morgan and McIntosh, 2005).  Correlation to the 
Blacktail Creek tephra results in a tephrochronology age of 6.62 ± 0.03 Ma for sample 
TMASH003. 
MUDDY CREEK FORMATION 
Methods 
New geologic mapping (1:24,000 scale) was completed in the Overton Arm area as 
part of this study.  Mapping was completed using a variety of methods: (1) compilation 
from existing maps that were completed at larger scales and primarily used to map pre-
MCF geologic features (Bohannon, 1983a; Beard et al., 2007; Felger and Beard, 2010), 
(2) aerial photography mapping, (3) field and reconnaissance mapping, and (4) spot-
checking of features mapped using aerial photography and/or compiled from previous 
studies.  Aerial photographs were used to map contacts (stratigraphic and structural) of 
pre-MCF units and were essential for mapping geologic features in areas with low 
topographic relief.  The contour interval of the USGS topographic maps for the region is 
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10 meters and in areas with low topographic relief, this interval provided insufficient 
detail to accurately locate contacts without the aid of aerial photography overlain 
(digitally) on a topographic base.  Aerial photographic sources included USGS digital 
orthophoto quadrangles, the USDA National Agriculture Imagery Program (NAIP), 
USDA NAIP Colorized Infrared Imagery, and Google Earth imagery. Detailed field 
mapping and reconnaissance mapping was predominantly focused on the MCF.  
Geologic mapping was used to identify and define stratigraphic members and 
stratigraphic features of the MCF within the Overton Arm region.  Mapping also allowed 
for the identification of structural features affecting the MCF in the region. 
Stratigraphic Members 
Results 
Within the Overton Arm region, the composition of the MCF varies, consisting of 
strata ranging from coarse conglomerate to gypsiferous siltstone.  Southern exposures 
predominantly consist of sandstone, siltstone, and gypsiferous siltstone, with sparse 
interbedded basalt flows (Figure 2.8).  Sandstone, siltstone, and conglomerate comprise 
the MCF exposed in the northern part of the study area.  Within this study, I separated 
these deposits into five informal members of the MCF (Figures 2.8, 2.10, and 2.11).   
The lower member (Tmcl), consists of sandstone, siltstone, gypsiferous siltstone, and 
interbedded basalt and ranges in age from approximately 8 Ma to less than approximately 
6 Ma (Feuerbach et al., 1991; Beard et al., 2007).  The Tmcl member predominantly 
consists of siltstone with gypsiferous siltstone, sandy siltstone, and sandstone in the 
central and southern regions of the study area.  The sand content of the Tmcl member 
increases northward and eastward within the study area; gypsum content increases 
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southward and is largely absent to the north.  South of Overton Beach, in the southern 
part of the study area, Mannion (1963) described a thick (300 to 500+ meters) subsurface 
salt body and concluded that it was interbedded with the basal MCF, here identified as 
the Tmcl member.  In the northern part of the study area, adjacent to Overton Ridge, a 
lower coarse-grained (conglomeratic) member (Tmcc) intertongues with Tmcl and 
represents deposits near the margin of the greater MCF basin (Bohannon, 1983a, Beard et 
al., 2007).   
I divided the upper MCF into three members: (1) interbedded sandstone, siltstone, 
and conglomerate member (Tmcu1), (2) interbedded coarse conglomerate and sandstone 
member (Tmcu2), and (3) interbedded sandstone and siltstone member (Tmcu3).  Member 
Tmcu2 conformably overlies member Tmcu3.   
Interpretations 
The compositional change within member Tmcl (southward decrease in sand and 
increase in silt and gypsum content) represents a lateral facies variation with a 
southward-fining of grain size.  I interpreted this facies variation to be lateral, as opposed 
to stratigraphic (temporal), based upon the grain size of rocks occurring above and below 
basalt flows interbedded with Tmcl.  The basalt flows (Plate 2.1) represent a stratigraphic 
marker horizon, which is interbedded with sandy Tmcl strata in northern exposures and 
with silty/gypsiferous Tmcl strata in the south.   
Correlation of Tmcl strata exposed north of the Muddy River (Figure 2.8) to Tmcl 
strata exposed south of the river (to the southern limit of the study area) is problematic.  
The Tmcl rocks north of the Muddy River consist of sandstone and siltstone that I 
interpret to be part of the northern sandy Tmcl facies.  Scheirer and Andreasen (2008) 
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interpret a northwest-striking fault in the subsurface of the south side of the Muddy River 
valley, based on geophysical (gravity) data.  This fault structurally fragments Tmcl north 
of the Muddy River from Tmcl south of the river.  Tmcl exposures north of the river lack 
age control or stratigraphic markers that can be correlated to Tmcl south of the Muddy 
River, therefore their relative stratigraphic position is undemonstrated.  My working 
hypothesis is that these Tmcl sequences represent approximately coeval stratigraphic 
sections but additional age control is needed to confirm or refute my hypothesis. 
Within the upper MCF, members Tmcu1 and Tmcu2 represent a lateral facies 
variation, with deposition of the units having been largely coeval.   I interpret that 
deposition of Tmcu1, Tmcu2, and Tmcu3 occurred post-6 Ma to approximately 4 Ma, 
based on MCF age data from tephrochronology (this study), Feuerbach et al., (1991; 6.02 
± 0.39 Ma), Williams (1996; 4.1 ± 0.2 Ma), and Beard et al. (2007; 6.15 and 6.6 Ma). 
Structural Features 
Results 
Post-depositional structural features affect the MCF in the vicinity of the northern 
Overton Arm.  The formation is cut by both high-angle (>50°) and near-vertical faults of 
varying apparent displacement magnitudes (Plate 2.1 and Figures 2.12 and 2.13).  The 
MCF is also locally folded, where in proximity to mapped faults (Plate 2.1).  Small-scale 
folds affect the Tmcu3 and Tmcl members of the MCF in the vicinity of the Hen Spring 
fault (east of Black Ridge) and southeast of Mormon Mesa (Plate 2.1 and Figures 2.12 
and 2.14).  Larger-scale folds affect the formation (Tmcl) southwest of the Rogers Spring 
fault (Plate 2.1), where interbedded basalt (Tb) provided a stratigraphic marker, which 
allowed delineation of fold geometry based on its expression in map-view. 
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Interpretations 
Though kinematic indicators are lacking from the faults mapped during this study, I 
interpret them to include normal and strike-slip displacement, based on observed fault 
dips, apparent displacement of units, and regional tectonic setting.  Major faults cutting 
the MCF in the Overton Arm region include the Rogers Spring fault and the Hen Spring 
fault, both left-lateral faults that are part of the Lake Mead fault system (e.g., Beard, 
1996; Duebendorfer et al., 1998).  Southeast of Mormon Mesa, I mapped a series of 
faults that cut the MCF which I interpret as strike-slip and to represent a southwestern 
projection of the Hen Spring fault.  These strike-slip faults located south of Mormon 
Mesa are further cut by several faults interpreted to have normal displacement (Plate 2.1).  
West-southwest of Overton Beach, an east-dipping fault of apparent normal displacement 
was mapped (Plate 2.1).  I interpret this fault to represent a step-over fault that 
kinematically links the Rogers Spring and Hen Spring faults. 
Syn-Tectonic Features 
Results 
A 60+ meter thick conglomerate sequence crops out near the confluence of the Virgin 
and Muddy Rivers.  This conglomerate sequence comprises the upper conglomerate and 
sandstone member of the MCF (Tmcu2) and displays a fanning of bedding dips that range 
from 43° SE low in the sequence to horizontal bedding near the upper part of the exposed 
sequence (Figure 2.15).  The conglomerate sequence thickens towards the east, where 
bedding flattens to horizontal.  The sequence also thins to the northeast, where bedding 
again displays a fanning of dips.  The Tmcu2 member thickens southward to possibly 
greater than several hundred meters in the vicinity of Overton Beach.     
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In the vicinity of the southern tip of Mormon Mesa, immediately west-northwest of 
the dip-fanned Tmcu2 member conglomerate, are exposures of the upper sandstone, 
siltstone, and conglomerate member (Tmcu1) of the MCF.  In this area, the Tmcu1 
member unconformably overlies the lower siltstone and sandstone member (Tmcl).  Near 
the southern tip of Mormon Mesa and to the south the unconformity is angular (Figures 
2.12 and 2.16).  The degree of angularity ranges from approximately five to ten degrees 
in the south and decreases to the north, where the contact between Tmcu1 and Tmcl 
becomes disconformable (Plate 2.1).  The unconformity is limited to the southern 
Mormon Mesa region, where it is generally marked by a limonite-bearing horizon (5 to 
10+ meters thick).  The limonite is typically developed above the unconformity within 
Tmcu1, though limonite sometimes also occurs below the unconformity within Tmcl.  
The base of Tmcu1 is characterized by a discontinuous fluvial conglomerate that includes 
sub-angular to sub-rounded clasts of gneiss and schist that are up to 50 centimeters in 
diameter.  The gneiss and schist clasts are compositionally similar to the Early 
Proterozoic gneiss and schist (Xu) exposed along Black Ridge (Plate 2.1). 
Interpretations 
The dip-fanned conglomerate sequence (Tmcu2) and intra-formational unconformity 
(between Tmcl and Tmcu1) are indicative of syn-tectonic deposition of the MCF within 
the vicinity of the northern Overton Arm of Lake Mead.  Based on the fanning of dips 
and eastward/southward thickening of Tmcu2, I interpreted that the beds were deposited 
within an actively subsiding basin, with the main depocenter located approximately 
where the strata are thickest 
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The angular nature of the intra-formational unconformity indicates that the MCF was 
affected locally by syn-depositional tectonism.  I interpret that the intra-formational 
unconformity was developed in response to tectonic activity during deposition of the 
MCF, where Tmcl strata was deposited, locally deformed and eroded, followed by 
deposition of Tmcu1 strata.  Initial deposition of Tmcu1 was characterized by a coarse-
grained fluvial conglomerate that included sediment contribution from local sources (i.e., 
Proterozoic gneiss and schist of Black Ridge).  I suggest that the unconformity developed 
at approximately 6 Ma (the approximate upper age of the Tmcl member, based on 
tephrochronology data from this study and age data from Feuerbach et al. [1991] and 
Beard et al. [2007]).  I interpret that deposition of Tmcu1 occurred post-6 Ma 
(tephrochronology data, this study; Feuerbach et al., 1991; Beard et al., 2007) to 
approximately 4 Ma (Williams, 1996) and was largely coeval with deposition of Tmcu2. 
DISCUSSION: SYN-TECTONIC DEPOSITIONAL MODEL FOR THE MUDDY 
CREEK FORMATION 
My observations support an interpretation that the MCF was deposited syn-
tectonically within the Overton Arm region of southern Nevada.  Syn-tectonic features 
likely developed in response to Late Neogene motion along the kinematically linked 
Rogers Spring and Hen Spring faults and active subsidence within the pull-apart Overton 
Arm basin.  A depositional model for the MCF is presented here. 
The depositional model is presented in four stages: 8 to 6 Ma, 6 to 5.5 Ma, 5.5 to 5 
Ma, and 5 to <4 Ma.  The depositional model attempts to retro-deform the Overton basin 
during each stage presented.  The retro-deformation presented here is a best estimate, 
using limited data.  There is a lack of piercing points to fully constrain total displacement 
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along faults, though previous studies estimate approximately 20 km of displacement 
along the Hen Spring fault (Campagna and Aydin, 1994; Beard et al., 2010).  The 
Overton Arm basin bounding faults (e.g., Hen Spring and Rogers Spring fault) initiated at 
approximately 10 Ma (Campagna and Aydin, 1994).  Folded Tmcl strata in the Overton 
Arm region indicates significant motion along regional faults until at least 6 Ma.  
Relatively undeformed upper MCF strata indicate most fault activity ceased by 
approximately 5 Ma.  Therefore, it inferred that most displacement along the Overton 
Basin bounding faults occurred between 10 Ma and 5 Ma.  Twenty km total displacement 
over a 5 million year period results in an average displacement rate of approximately 0.4 
cm/yr.  This average displacement rate was used to retro-deform the Overton basin within 
the depositional model during each of the four stages presented herein. 
Deposition of the lower MCF began at approximately 8 Ma in the Virgin River 
depression and Overton Arm regions (Figure 2.17, part A).  Regional sediment transport 
was likely southward-directed from the Virgin River depression into the Overton Arm 
basin, based on a southward fining of grain size and facies variation.  Northern Tmcl 
exposures contain a greater amount of sand likely deposited in a low-energy fluvial 
(overbank?) environment.  Sand content and grain size decreases southward, where silt 
and gypsum content increases; deposited in an evaporative lacustrine or playa 
environment.  Deposition of the lowermost Tmcl included a 300 to 500+ meter thick salt 
sequence within the Overton Arm basin, south of Overton Beach (Mannion, 1963).  Local 
sediment transport, including transport near the margins of the greater MCF basin, likely 
varied from the regional southward direction (e.g., sediment transport in the vicinity of 
Tmcc was likely eastward, as indicated by interfingering of coarse-grained Tmcc and 
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fine-grained Tmcl strata).  Deposition of Tmcl continued until after approximately 6 Ma, 
except within the vicinity of the southern tip of Mormon Mesa, where motion along the 
Hen Spring-Rogers Spring faults resulted in local deformation and erosion of Tmcl strata 
(Figure 2.17, part B).  Uplift may have also, or alternatively, been in response to motion 
along a northeast-striking left-lateral fault located north of the Hen Spring fault; a fault 
previously active from 13 to 10 Ma (Beard et al., 2010) and possibly reactivated at 
approximately 6 Ma. 
Deposition of Tmcu3 is estimated to have begun at approximately 5.5(?) Ma within 
the Overton Arm basin (Figure 2.18, part A) and continued until approximately 5(?) Ma.  
The exact timing of deposition of Tmcu3 is undetermined but constrained to younger than 
approximately 6 Ma, based on the upper age of Tmcl.  Additionally, sample TMASH003 
(collected from the top of Tmcu3) yielded a detrital K-feldspar formational maximum age 
of 7.09 ± 0.20 Ma (40Ar/39Ar single-crystal age).  This detrital K-feldspar age is 
consistent with other age data from the formation.  Coeval with Tmcu3 deposition, 
erosion (or non-deposition) continued in the vicinity of the southern tip of Mormon Mesa.  
This is evidenced by a lack of Tmcu3 strata in the southern Mormon Mesa area, where 
Tmcu1 is directly overlying Tmcl.  The depositional extent of Tmcu3 is poorly 
constrained, due to a lack of exposure.  Deposition of coeval strata within the Virgin 
River depression is presumed but these rocks, if present, occur within the subsurface.  
Deposition of coeval strata within the southern Overton Arm basin is also unconstrained; 
MCF exposures in this region are limited to the Tmcl member. 
At approximately 5 Ma (estimated), deposition of Tmcu2 initiated in the Overton Arm 
basin, while coeval deposition of Tmcu1 initiated in the Virgin River depression (Figure 
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2.18, part B).  Sediment transport was southward-directed through the Virgin River 
depression (Pederson, 2008; Forrester, 2010) and into the actively subsiding Overton 
Arm basin.  Deposition of Tmcu2 and Tmcu1 continued until approximately 4 Ma; the 
approximate upper age of the MCF (Williams, 1996).  The depositional extent of Tmcu2 
is poorly constrained in the northern Overton Arm basin due to lack of exposure and 
post-depositional erosion of the member.  The southern extent of Tmcu2 is also poorly 
constrained due to a lack of exposure and post-depositional faulting that places the 
member in fault contact with Tmcl.  Since 4 Ma, post-depositional faulting along the 
Rogers Spring-Hen Spring faults has affected the MCF.  The formation has also 
experienced widespread regional dissection post-4 Ma. 
CONCLUSIONS 
Originally interpreted to have been deposited as predominantly post-tectonic infill 
(e.g., Bohannon, 1984), syn-depositional structural features (intra-formational angular 
unconformity) and syn-tectonic depositional features (dip-fanned strata) identified within 
the MCF during this study demonstrate deposition of the MCF was syn-tectonic within 
the Overton Arm region of Lake Mead, southern Nevada. This study also provides a 
depositional model for the MCF in the vicinity of the Overton Arm from approximately 8 
to 4 Ma.  This study further concludes the Rogers Spring and Hen Spring faults, each part 
of the Lake Mead fault system, are kinematically linked via a step-over normal fault in 
the vicinity of Overton Beach and southern Mormon Mesa.  This step-over was active 
since at least approximately 6 Ma, based on a newly recognized intra-formational 
unconformity (angular to disconformable) within the MCF in the vicinity of the southern 
tip of Mormon Mesa. 
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New tephrochronologic and 40Ar/39Ar age data from the MCF presented within this 
paper are consistent with previous age data from the formation and provide additional 
constraints on the timing of MCF deposition. 
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CHAPTER 3 
DETRITAL ZIRCONS FROM THE NEOGENE MUDDY CREEK FORMATION, 
SOUTHERN NEVADA: FORMATION PROVENANCE AND THE ANCESTRAL 
COLORADO RIVER 
ABSTRACT 
The provenance of the Late Neogene Muddy Creek Formation (MCF), southern 
Nevada, is controversial. Early studies concluded the formation was deposited as post-
tectonic infill with proximal sediment sources.  Recent provenance interpretations have 
varied; either local sources or derived from sources within the Colorado Plateau and 
transported via an ancestral Colorado River system.  Within this paper, I refer to the 
“ancestral Colorado River” as the Colorado River prior to establishment of its modern 
course (through the mouth of the Grand Canyon) between approximately 5.5-4.5 Ma.   
Detrital zircon, sandstone, and conglomerate samples collected from the MCF and 
from locally derived Pleistocene-Pliocene(?) alluvium exposed in the vicinity of the 
Overton Arm of Lake Mead were used to evaluate sediment provenance since less than 
6.6-6.02 Ma and to test if the formation was potentially deposited by an ancestral 
Colorado River.  MCF detrital zircons (total n = 733) are dominated by 285 Ma and 
greater populations and show similar age distributions throughout the formation. 
This study concludes that the MCF in the Overton Arm region was derived from 
mixed Basin and Range and Colorado Plateau sources since at least 6.6-6.02 Ma.  The 
lower MCF was deposited by a river system that drained the Colorado Plateau and 
predates the modern Colorado River, therefore may represent strata deposited by the 
ancestral Colorado River.  The uppermost MCF was deposited by an ancestral Virgin 
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River.  Therefore, the MCF potentially records the evolution of Colorado Plateau 
drainage.  Although this study cannot confirm the MCF was deposited by the ancestral 
Colorado River, it does demonstrate that the MCF cannot be discounted as having been 
deposited by the ancestral Colorado River. 
INTRODUCTION  
Controversy remains over the provenance of the Late Miocene Muddy Creek 
Formation (MCF) of southern Nevada as well as the drainage of the Colorado Plateau 
prior to integration of the modern Colorado River (e.g., Schmidt, 2001; Pedersen, 2008; 
Forrester, 2010).  Early work on the MCF concluded that the formation was locally 
derived, with sediment accumulating within tectonically quiescent and underfilled basins 
(e.g., Longwell, 1921; Brenner and Glanzman, 1979; Bohannon, 1984). This 
interpretation of a locally derived MCF was accepted and went largely unchallenged until 
more recent years. For example, Schmidt (2001) proposed the MCF sediments were 
dominantly derived from far-traveled sources within the Colorado Plateau and 
transported to its current location via a proto-Colorado River system.  Pederson (2008) 
disputes a Colorado Plateau origin for the middle to upper MCF, because the sediment 
lithology and mineralogy is consistent with locally exposed Miocene volcanic sequences, 
with only minor contribution from the Colorado Plateau for those deposits exposed in 
eastern Virgin Valley (Mesquite basin).  Forrester (2010) evaluated MCF provenance in 
the vicinity of Mesquite, NV (eastern Virgin Valley) and concluded the formation was 
derived from a mixed volcanic and Colorado Plateau (via an ancestral Virgin River) 
sources.  However, these previous studies were preliminary because of their limited study 
of stratigraphic sections and geographic coverage.  Previous studies have not evaluated 
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the lower (pre-4.5 Ma) MCF.  Therefore, these studies cannot discount that the lower part 
of the MCF may have been deposited by an ancestral Colorado River system. 
This paper expands the provenance study to include MCF exposures in the vicinity of 
the northern Overton Arm (Figure 3.1) that span from less than 6.6-6.02 Ma (older than 
those previously investigated by others; Feuerbach et al., 1991; Beard et al., 2007) to 
approximately 4 Ma (Williams, 1996); representing strata old enough to possibly have 
deposited by an ancestral Colorado River.  Herein, I refer to the “ancestral Colorado 
River” as the Colorado River prior to establishment of its modern course between 
approximately 5.5-4.5 Ma, when the river began to exit the Colorado Plateau through the 
mouth of the Grand Canyon (Lucchitta, 1979; Howard and Bohannon, 2001; Spencer et 
al., 2001; Faulds et al., 2002; House et al., 2005).  This study uses detrital zircons, 
sandstone petrography, and conglomerate petrology from the MCF and from locally 
exposed Pleistocene-Pliocene(?) alluvial deposits to test MCF provenance in the northern 
Overton Arm region and hypothesizes that the MCF (in the Overton Arm region) was 
derived, at least in part, from sediment sourced from the Colorado Plateau and 
transported by the ancestral Colorado River. 
BACKGROUND 
Muddy Creek Formation Stratigraphy 
The MCF is the youngest widespread Cenozoic sedimentary unit exposed within the 
Lake Mead Region (Figure 3.2).  The formation is interpreted to represent Late Miocene 
post-tectonic deposition within a series of internally drained basins and consists of fluvial 
and lacustrine deposits, typically ranging in grain size from sandstone to mudstone and 
including common gypsiferous beds (Bohannon, 1984).  Conglomerate beds are less 
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common; most frequently occurring along basin margins (Bohannon, 1984).   The basal 
age of the MCF is reported to range from approximately 8 Ma (Lamb et al., 2005) to 
younger than 10.6 Ma (the upper age of the underlying red sandstone unit; Bohannon, 
1984).  The upper age of the MCF is at least as young as 4.1 ± 0.2 Ma (Williams, 1996), 
based on whole-rock K-Ar analysis of a basalt flow interbedded near the top of formation 
in the vicinity of Mesquite, Nevada.  With these ages, the total range of the MCF is 
reasonably well constrained.  However, MCF age data are sparse (regionally and in total) 
and MCF stratigraphy is complex, therefore the age of MCF exposures within any given 
area is poorly constrained, except in those few areas from which ages have been 
determined. 
To the north of the study area (Figure 3.1), in Virgin Valley, the MCF predominantly 
consists of fine- to medium-grained sandstone, with lesser interbedded siltstone 
(Kowallis and Everett, 1986; Williams et al., 1997; Pederson 2008; Forrester, 2010).  
Kowallis and Everett (1986) interpreted that the formation was deposited as Late 
Miocene fluvial and lacustrine intrabasinal fill. Forrester (2010) concluded the formation 
was predominantly composed of high-velocity fluvial sediments, based on grain size and 
sedimentary structures.  A sequence of interbedded sandstone and conglomerate beds 
occurs within the upper 20-30 meters of the formation exposed throughout the Virgin 
Valley area (Pederson, 2008; Forrester, 2010) and possibly represents Early Pliocene 
Virgin River deposits (Pederson, 2008).  In the Meadow Valley Wash area, to the 
northwest of the study area, the formation predominantly consists of fine-grained 
sandstone and siltstone, deposited in fluvial, lacustrine, and eolian environments (Dicke, 
1990).  Deposits to the south of the study area, in the Overton Arm, largely consist of 
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fluvial-lacustrine sandstone, siltstone, and gypsiferous siltstone and include thick (300 to 
500+ meters) salt deposits at depth (Mannion, 1963; Longwell et al. 1965; Bohannon, 
1983b, 1984).  Basalt flows are interbedded within the formation in the Overton Arm area 
(Bohannon 1983b, 1984).  A whole rock K-Ar date from one of these basalt flows 
yielded an age of 8 Ma (Eberly and Stanley, 1978).  Beard et al. (2007), reported ages of 
6.15 and 6.6 Ma (preliminary 40Ar/39Ar isochron ages) for the Overton Arm basalt flows; 
Feuerbach et al. (1991) reported 6.02 ± 0.39 Ma (plagioclase K-Ar). 
The study area is located in the vicinity of the northern end of the Overton Arm and 
southern Virgin Valley (Figure 3.1).  Within this area, the MCF is separated into five 
informal members (Figures 3.3 and 3.4; Chapter 2, this volume).  The lower member 
(Tmcl) consists of sandstone siltstone, gypsiferous siltstone, and interbedded basalt and 
ranges in age from greater than 8 Ma to less than approximately 6 Ma (Chapter 2, this 
volume; Feuerbach et al., 1991; Beard et al., 2007).  The Tmcl member records a 
southward-fining lateral facies change, from sandstone- and siltstone-dominated deposits 
in the north to siltstone- and gypsiferous siltstone-dominated deposits in the south 
(Chapter 2, this volume).  In the northern part of the study area, adjacent to Overton 
Ridge, a lower coarse-grained member (Tmcc) intertongues with Tmcl and represents 
deposits near the margin of the greater MCF basin (Bohannon, 1983a, Beard et al., 2007).  
The upper member is divided into three parts: (1) interbedded sandstone, siltstone, and 
conglomerate (Tmcu1), (2) interbedded coarse conglomerate and sandstone (Tmcu2), and 
(3) interbedded sandstone and siltstone (Tmcu3).  Deposition of members Tmcu1 and 
Tmcu2 was largely coeval and the units represent a lateral facies variation.  Deposition of 
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Tmcu1, Tmcu2, and Tmcu3 occurred post-6 Ma to approximately 4 Ma (Chapter 2, this 
volume; Feuerbach et al., 1991; Williams, 1996; Beard et al., 2007). 
Drainage of the Colorado Plateau and Inception of the Modern Colorado River 
Largely responsible for draining the Colorado Plateau, as well as a significant portion 
of southwestern North America (Figure 3.5), the modern Colorado River was effectively 
established in its current configuration between approximately 5.5 and 4.5 Ma (Lucchitta, 
1979; Howard and Bohannon, 2001; Spencer et al., 2001; Faulds et al., 2002; House et 
al., 2005).  Evidence constraining the maximum and minimum timing of modern 
Colorado River integration can be separated into two groups: (1) geologic evidence that 
precludes the Colorado River from flowing at a given position along its modern course at 
a given time (maximum timing) and (2) evidence that requires the river to have existed at 
a given place and time (minimum timing).  The minimum age for the Colorado River 
exiting the Grand Canyon is established by the occurrence of “exotic” conglomerates that 
contain clasts characteristic of a Colorado Plateau provenance that are dated at 4.7 to 4.4 
Ma, based on analysis of basalt flows interbedded with the conglomerate (House et al., 
2005).  These deposits are found in two locations: (1) a few kilometers west of the mouth 
of the Grand Canyon and (2) approximately 10 kilometers downstream of the Grand 
Wash (House et al., 2005).  The maximum age for the Colorado River exiting the Grand 
Canyon is constrained by the occurrence of the 11 Ma to approximately 6 Ma Hualapai 
Limestone, which is exposed west of the mouth of the Grand Canyon in the Grand Wash 
(Spencer et al., 2001; Faulds et al., 2002).  The Hualapai Limestone is a lacustrine 
pelleted packstone-wackestone that lacks interbedded fluvial or deltaic beds (Lucchitta, 
1979; Bohannon, 1984; Faulds et al., 2001b).  If the Colorado River were flowing into 
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the lake basin that the Hualapai Limestone was deposited in, then there would have been 
significant sediment input associated with the river (Spencer et al., 2001).  A lack of 
voluminous siliciclastic sediments within the Hualapai Limestone precludes the modern 
Colorado from exiting the Grand Canyon prior to less than 5.97 ± 0.07 Ma (Spencer et 
al., 2001).  The maximum age for modern Colorado River integration is further 
constrained by an upper age of <5.5 Ma for pre-river fanglomerates in Mohave and 
Cottonwood Valleys, Nevada and Arizona (House et al., 2005). 
Given the evidence that the Colorado River did not exit the Colorado Plateau along its 
modern course (via the mouth of the Grand Canyon) until between approximately 5.5 and 
4.5 Ma, the question must be raised, how was the Colorado Plateau drained prior to 5.5-
4.5 Ma?  Pederson (2008) summarized opposing hypotheses (Hunt, 1956; McKee et al., 
1967; Lucchitta, 1990) for this ancestral upper Colorado River system that included (1) 
the ancestral river was routed southeast along the Little Colorado River (reverse of the 
modern flow direction for the Little Colorado River), where it either flowed off the 
Colorado Plateau or flowed into the basin of the Bidahochi Formation; (2) the ancestral 
river flowed southwest across the Colorado Plateau where it terminated and infiltrated 
near the central Grand Canyon region; or (3) the ancestral river flowed northwest across 
and off the Colorado Plateau into the Basin and Range (Figure 3.6).  Pederson (2008) 
discounted hypotheses (1) and (2), due to a lack of evidence to supporting either 
hypothesis and in the case of (1), the composition of the Bidahochi Formation  is entirely 
inconsistent with sediment derived by an ancestral Colorado River.  Hypothesis (3) was 
retained by Pedersen (2008) as potentially viable.  To test hypothesis (3), Pederson 
(2008) investigated the MCF, which possibly resulted from deposition of the sediment 
 36 
load that would have been transported by the ancestral Colorado River.  Pederson (2008) 
concluded, based on sandstone petrography and paleocurrent analysis, that the MCF was 
not derived from an ancestral Colorado River but instead, was sourced predominantly 
from the Caliente caldera complex, Kane Springs caldera, and other local Basin and 
Range units, with lesser contribution from a paleo-Virgin River in the eastern portion of 
the greater MCF basin (Figure 3.7).  However, Pederson (2008) evaluated only the upper 
(approximately 4.5 to <4 Ma) part of the MCF, which was deposited after integration of 
the modern Colorado River.  Forrester (2010) evaluated the provenance of the MCF in 
the vicinity of Mesquite, Nevada.  Based on the results of sandstone petrography, 
conglomerate petrology, paleocurrent analyses, and detrital zircon analyses, Forrester 
(2010) concluded that the formation, in the vicinity of Mesquite, was largely derived 
from the Caliente caldera complex, with lesser contribution from a paleo-Virgin River.  
However, like Pederson (2008), the data included within Forrester (2010) represents 
deposits that largely postdate inception of the modern Colorado River.  Because previous 
studies have not evaluated the lower (pre-4.5 Ma) MCF, these studies cannot discount the 
lower part of the formation as potentially having been deposited by an ancestral Colorado 
River.  This study evaluates samples from the MCF that span from less than 6.6-6.02 Ma 
to approximately 4 Ma; prior to and after integration of the modern Colorado River. 
Potential Zircon Sources 
The MCF crops out within the Basin and Range, near the western margin of the 
Colorado Plateau.  The Basin and Range and Colorado Plateau regions each host zircon-
bearing rocks.  Detrital zircon populations within the MCF reflect the populations 
occurring within the region, or regions, from which they were sourced.   
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Basin and Range 
Zircon-bearing igneous, metamorphic, and sedimentary rocks occur within the 
vicinity of the study area and the greater Lake Mead region.  Zircon-bearing igneous 
units of Oligocene to Middle Miocene age are exposed in the southern Lake Mead region 
(Felger and Beard, 2010) and are exposed to the north of the study area (Figure 3.8).  
From west to east, these northern units include: the Timber Mountain caldera complex 
(16-6 Ma; Christiansen et al., 1977), the Central Nevada caldera complex (35.3-18.3 Ma; 
Best et al., 1994), the Kane Springs Wash volcanic center (15.7-13.2 Ma; Novak, 1984; 
Novak and Mahood, 1986), the Caliente caldera complex (23.8-11.4 Ma; Best et al., 
1994; Gromme et al., 1997), the Indian Peak caldera complex (33-27 Ma; Best et al., 
1994), laccoliths exposed in the Pine Valley Mountains area (22.5-12 Ma; Hacker et al., 
2007), and the Marysvale volcanic field (32-19 Ma; Rowley et al., 1994).  The 
Oligocene-Miocene volcanic ages (Table 3.1) were determined mainly from K-Ar or 
40Ar/39Ar analyses of K-feldspar.  It is assumed that zircon ages from these units 
(potentially contributed to the MCF as detrital grains) will be approximately equal to ages 
obtained from K-feldspar.  However, it is possible that the zircon ages could vary from 
K-feldspar ages due to differences in the closure temperatures for each mineral phase, 
therefore potentially recording different ages of the onset of daughter isotope 
accumulation.  Due to a lack of zircon age data from these volcanic centers, it is 
acknowledged that comparison of detrital zircon ages to K-feldspar volcanic ages is 
accompanied by an inherent assumption of potential error when comparing the ages of 
these data sets. 
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Early Proterozoic gneiss, schist, and pegmatite within and nearby to the study area 
contain 1.7 Ga metamorphic zircons (Quigley et al., 2002).  Clastic sedimentary units 
exposed within the region range from Cambrian to Miocene in age (Felger and Beard, 
2010).  There is potential for these clastic sedimentary units to have contributed zircons 
to the MCF.  Cambrian through Paleozoic clastic units are generally of limited extent 
within the region (Felger and Beard, 2010), therefore are unlikely to have contributed a 
significant quantity of detrital zircons to the formation.  However, Mesozoic and 
Cretaceous units (Moenkopi, Chinle, Moenave, and Kayenta Formations, Aztec 
Sandstone, Willow Tank Formation, and Baseline Sandstone) occur more extensively 
within the region and in the immediate vicinity of the study area and, therefore, may have 
contributed significant quantities of detrital zircons to the MCF.   
Zircon populations occurring within the Aztec Sandstone, from a sample (CP30) 
collected approximately 15 km northeast of the study area (Figure 3.9), were previously 
characterized by Dickinson and Gehrels (2009).  The Jurassic Aztec Sandstone yielded 
major peak ages at 1038 and 1147 Ma and a major group age of 885 to 1510 Ma (Figure 
3.10; Dickinson and Gehrels, 2009).  Troyer et al. (2006) analyzed detrital zircons from 
the Cretaceous Baseline Sandstone, with samples collected from the Valley of Fire State 
Park, west-southwest of the study area.  The Baseline Sandstone samples yielded 
dominant detrital zircon age populations of 350 to 470 Ma, 530 to 650 Ma, and 930 to 
1250 Ma (Figure 3.10; Troyer et al., 2006).  The 930 to 1250 Ma Baseline Sandstone 
zircon populations are similar to populations within the Aztec Sandstone, from which 
they are likely derived (Troyer et al., 2006).  Detrital zircon populations from the Willow 
Tank Formation are undetermined, though Troyer et al. (2006) reported U-Pb zircon ages 
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of 101.6 ± 1 and 99.9 ± 2 Ma from zircon-bearing ash beds within the formation (Figure 
3.10).  No detrital zircon data are available from the Moenkopi, Chinle, Moenave, and 
Kayenta Formations located in or near the study area.  However, Gehrels and Dickinson 
(1995) reported a dominant detrital zircon population of 500 to 525 Ma and subordinate 
populations of 220 to 235 Ma, 1.41 to 1.44 Ga, and 1.68 to 1.74 Ga within a sample from 
the Chinle Formation from near Currie, Nevada (Figure 3.10).  Riggs et al. (2003) 
reported ages of approximately 210 Ma for zircons from tuff beds interbedded with the 
Chinle Formation in the vicinity of the Petrified Forest National Park, Arizona (Fig 
Figure 3.10).  Anderson (2006) reported dominant detrital zircon populations of 240 to 
270 Ma, 560 to 620 Ma, and 1400 to 1500 Ma and subordinate populations of 1000 to 
1300 Ma and 1600 to 1800 Ma from the upper Moenkopi Formation, within a sample 
collected near Winslow, Arizona (Figure 3.10).  Dickinson and Gehrels (2009) analyzed 
two samples from Colorado Plateau exposures of the Kayenta Formation and reported 
dominant ages ranging from approximately 830 to 1575 Ma, with lesser groups ranging 
from approximately 240 to 310 Ma, 380 to 480 Ma, 500 to 545 Ma, 1615 to 1820 Ma 
(Figure 3.10).  A sample of the Moenave Formation from the Colorado Plateau 
(Dickinson and Gehrels, 2009) yielded dominant populations of 189 to 253 Ma and 1008 
to 1340 Ma and a lesser group of 1641 to 1903 Ma zircons (Figure 3.10). 
Oligocene to Miocene siliciclastic units exposed within the Lake Mead region (e.g., 
Horse Spring Formation and red sandstone unit) are also potential zircon sources to the 
MCF.  Detrital zircon data are lacking from these units.  However, because they are 
interpreted to have a local provenance (e.g., Bohannon, 1984), it is probable that they 
contain zircons derived from Mesozoic siliciclastic units occurring within the Lake Mead 
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region and from Oligocene to Miocene igneous units (potentially occurring within tuff 
beds or introduced through sedimentary processes). 
Colorado Plateau 
Late Paleozoic and Mesozoic zircon-bearing sedimentary units are extensively 
exposed throughout the Colorado Plateau.  These units have been widely sampled and 
their detrital zircon content characterized by previous studies (e.g., Dickinson and 
Gehrels, 2003, 2008, 2009).  Locations of these Colorado Plateau zircon samples are 
shown in Figure 3.9 and identified in Table 3.2.  Samples range from Permian to Late 
Cretaceous and reflect derivation from predominantly Appalachian sources and recycling 
of Jurassic eolianites (derived from Appalachian sources), with later contribution from 
the Cordilleran magmatic arc (Dickinson and Gehrels, 2003, 2008, 2009).  Detrital zircon 
populations from potential Permian through Jurassic Colorado Plateau sources are 
presented in Tables 3.3 and 3.4.  Upper Jurassic to Middle Cretaceous units were largely 
derived from recycling of Jurassic eolianites and, therefore, have nearly identical zircon 
populations, except that there is a slight increase in Cordilleran-derived zircons (<5-10% 
of total zircons), which show populations of approximately 155 to 255 Ma (Dickinson 
and Gehrels, 2008).  Analyses of Upper Cretaceous samples also yield Jurassic eolianite 
zircon populations but additionally show significant Cordilleran-derived zircon 
populations of approximately 85 to 105 Ma, 122 to 124 Ma, 145 to 160 Ma, and 190 to 
240 Ma, with major peak ages of 88, 97, 150, 159, and 244 Ma (Dickinson and Gehrels, 
2008). 
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U/Pb DETRITAL ZIRCON GEOCHRONOLOGY 
Methods 
Sandstone samples were collected from the MCF and from Pleistocene-Pliocene(?) 
alluvial deposits for detrital zircon analysis.  The samples consisted of medium- to 
coarse-grained sand and were typically poorly to moderately consolidated.  Prior to 
sample collection, the outcrop at each sampling location was excavated using hand tools 
to a depth of approximately 30 centimeters.  Excavations exposed fresh sample material, 
reducing the potential of sample contamination by exotic surficial zircons.  
Approximately two to four liters (minimum) of sandstone were collected at each sample 
location and placed in new (clean) gallon size plastic storage bags.  Samples were 
double- or triple-bagged for protection from sample loss or contamination.  Sample 
locations were recorded using a handheld global positioning system (GPS) receiver and 
are presented in Appendix II. 
Detrital zircons were separated from the sandstone samples in general accordance 
with the guidelines available on the University of Arizona, Tucson, Arizona LaserChron 
Center website (http://sites.google.com/a/laserchron.org/laserchron/home). Poorly 
consolidated samples were disaggregated using a ceramic mortar and pestle.  Well-
indurated samples were disaggregated using a rock crusher and disk-grinder. Samples 
were sieved using disposable 500 μm nylon sieve screens and a Ro-Tap. The first stage of 
density separation of each sample was completed using a Wilfley table.  Primary samples 
were retained from the highest-density separate.  Secondary (backup) samples were 
retained from the remaining highest-density separate.  Immediately following separation 
on the Wilfley table, primary samples were dried by washing them with analytical-grade 
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acetone and stored in clean glass beakers, covered with aluminum foil. Magnetite and 
iron filings (potentially introduced from processing equipment) were removed from the 
samples using a vertical Frantz magnetic separator.  High-density mineral grains were 
concentrated from the primary sample separates using methylene iodide (MI).  A Frantz 
isodynamic magnetic separator was used to separate zircons from the high density 
fraction recovered during heavy liquid separation.  Samples were retained in disposable 
sample vials. 
Zircon sample fractions were shipped to the Arizona LaserChron Center. LaserChron 
staff prepared sample mounts in accordance with laboratory guidelines. A split of the 
sample material and Sri Lankan zircon standards were imbedded in 1” diameter epoxy 
mounts, sanded to a depth of approximately 20 μm, polished, imaged, and cleaned. 
Zircon U-Pb geochronology was conducted at the Arizona LaserChron Center using 
laser ablation multicollector inductively coupled plasma mass spectrometry (LA-MC-
ICPMS) following the methods of Gehrels et al. (2006, 2008).  Analyses were performed 
using a New Wave UP193HE Excimer laser and Nu HR ICPMS for measurements of 
238U, 232Th, 208Pb, 206Pb, 204Pb, and 202Hg.  One hundred zircon grains were measured 
from each sample.  The data were used to determine the age of individual detrital zircon 
grains within each sample.  206Pb*/238U ages are reported for grains younger than 
approximately 1.2 Ga and 206Pb*/207Pb* ages are used for grains older than 
approximately 1.2 Ga (Gehrels et al., 2008).  The use of U-Pb versus Pb-Pb ages is a 
function of precision between the analyses for materials of different age ranges, with U-
Pb ages more precise for ages younger than 1.2 Ga and Pb-Pb ages more precise for ages 
older than 1.2 Ga (Gehrels et al., 2008). 
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Results 
Ten detrital zircon samples were collected from the MCF in the vicinity of the 
Overton Arm of Lake Mead and prepared for analysis (Figure 3.3). Three samples were 
collected from the upper sandstone, siltstone, and conglomerate member (Tmcu1); four 
samples from the upper conglomerate and sandstone member (Tmcu2); one sample from 
the upper sandstone and siltstone member (Tmcu3); and two samples from the lower 
siltstone, sandstone, and gypsiferous siltstone member (Tmcl; Figures 3.3 and  3.11).  
One detrital zircon sample (TMSS013) was collected from Pleistocene-Pliocene(?) 
alluvium that unconformably overlies the MCF (Figure 3.3).  Sample TMSS013 has a 
local provenance, derived from Paleozoic carbonate and Mesozoic siliciclastic rocks 
exposed in the Muddy Mountains to the west of the samples location.  The sample was 
collected to represent a composite of locally-derived zircons for the purpose of 
comparing those populations to zircons within the MCF. 
All samples predominantly contained rounded to well-rounded zircon grains with 
lesser rounded elongate/subhedral grains and sparse prismatic euhedral grains.  The nine 
uppermost samples from the MCF and sample TMSS013 were successfully analyzed at 
the Arizona LaserChron Center for U-Pb detrital zircon geochronology.  The lowermost 
sample (TMSS010) collected from the lower siltstone, sandstone, and gypsiferous 
siltstone member (Tmcl) was too fine-grained and yielded only seven analyzable zircon 
grains.  During analysis, the very fine zircon grain size in sample TMSS010 allowed the 
laser to ablate completely through all but seven zircons, into the underlying epoxy, 
resulting in corrupt analyses. Due to a lack of analyzable grains, sample TMSS010 will 
be excluded from further discussion within this paper, with the exception of data 
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presentation within Appendix II.  Uranium-lead concordia diagrams and probability 
density plots were constructed for each detrital zircon sample using the Isoplot 3.70 plug-
in for Microsoft Excel developed by Ken Ludwig at the Berkeley Geochronology Center 
(Ludwig, 2008).  Concordia diagrams, probability density plots, and zircon analysis data 
are presented in Appendix II. 
Zircon age peaks and age groups for each sample were identified using the Age Pick 
macro for MS Excel (developed by the Arizona LaserChron Center).  An age peak is 
defined as a maximum in age probability that consists of age-probability contributions (at 
2-σ) from 3 or more analyses; an age group (range) contains the age-probability 
contributions (at 2-σ) from 3 or more analyses (Arizona LaserChron Center; 
http://sites.google.com/a/laserchron.org/laserchron/home).  Age peaks are presented in 
Table 3.5, range from 13 Ma to 2710 Ma and are predominantly (by percentage of grains) 
greater than approximately 1000 Ma.  Age groups are presented in Tables 3.6, 3.7, and 
3.8 and predominantly consist of Mesoproterozoic groups, with lesser Paleozoic, 
Mesozoic, and Cenozoic groups. 
Normalized probability-distribution plots for each sample were prepared using the 
Normalized Age Probability macro for MS Excel (developed by the Arizona LaserChron 
Center).  The age probability plots are normalized by the number of analyses used from 
each sample, producing a series of curves that each are of equal area beneath the curves 
(Arizona LaserChron Center; http://sites.google.com/a/laserchron.org/laserchron/home).   
Normalized probability-distribution plots show generally similar zircon populations 
occurring within all the samples, though some differences are present (Figure 3.12).  Data 
in Figure 3.12 were plotted as 0-35 Ma and >35 Ma curves because the amplitude of the 
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0-35 Ma peaks drowns out the >35 Ma peak spectra when all grain ages are plotted 
together; allowing for better evaluation of peak distribution.  Normalized probability-
distribution curves for zircons less than 35 Ma show similar peaks at 19-20 Ma in 
samples from the MCF, with a lesser peak (not statistically defined; less than three 
grains) at 13 Ma in two samples and a 34 Ma age in one sample.   The peak distribution 
differs in sample TMSS013 (Pliocene-Pleistocene alluvium), where the primary age peak 
is 13 Ma, with lesser (not statistically defined) peaks at 19 and 22 Ma.  Normalized 
probability-distribution curves for zircons >35 Ma show similar peak distributions in 
samples from the MCF for grains older than approximately 800 Ma, though variability is 
observed in peak distribution for those younger than 800 Ma.  Peak distributions for 
zircons >35 Ma in sample TMSS013 are similar to those from the MCF, except that 
TMSS013 lacks grain ages ranging from 35 to 176 Ma.  Samples from the MCF all 
contain grains in the approximately 85 to 100 Ma range, except for sample TMSS012, 
which, like sample TMSS013, lacks grains from this age range. 
SANDSTONE PETROGRAPHY 
Methods 
Sandstone samples were collected from the MCF and from Pleistocene-Pliocene(?) 
alluvial deposits for petrographic analysis and provenance evaluation.  Sandstone 
samples were collected following procedures similar to those for collection of samples 
for detrital zircon analysis.  Approximately one liter of sample material was collected at 
each sample location and placed in new (clean) plastic storage bags.  Sample locations 
were recorded using a handheld global positioning system (GPS) receiver and are 
presented in Appendix III. 
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Thin-section billets were cut from poorly indurated hand samples; these samples were 
impregnated with epoxy and standard thin sections were prepared from them.  
Unconsolidated samples were prepared as epoxy-stabilized grain mounts and standard 
thin sections were prepared.  A potassium stain was applied to all thin sections to aid in 
the identification of potassium feldspar grains.  To characterize the samples, at least 300 
points were counted from each thin section, excluding sample TMSS013.  When the 
microscope crosshairs were positioned over epoxy, these points were not counted towards 
the required 300-point total.  Sample TMSS013 consisted of coarse-grained sand, which, 
after advancing an X-Y grid across the entire sample, yielded only 272 grains counted.   
Results 
Eleven sandstone samples were collected from the MCF for petrographic analysis 
(Figure 3.3).   Three samples were collected from the upper sandstone, siltstone, and 
conglomerate member (Tmcu1); four samples from the upper conglomerate and sandstone 
member (Tmcu2); three samples from the upper sandstone and siltstone member (Tmcu3); 
and one sample from the lower siltstone, sandstone, and gypsiferous siltstone member 
(Tmcl; Figure 3.11).  One sample (TMSS013) was collected from Pleistocene-Pliocene(?) 
alluvium unconformably overlying the MCF.  Point count data from the samples are 
included in Appendix III.  All samples from the MCF predominantly consist of sub-
rounded to rounded strained monocrystalline and strained polycrystalline quartz grains 
with sparse lithic and feldspar grains.  Sample TMSS013 predominantly consists of 
quartz and lithic grains with sparse feldspar grains.  Ternary plots of these data, following 
Dickinson et al. (1983), show samples from the MCF cluster tightly as mature (quartz-
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rich) sandstones (Figure 3.13).  Data from sample TMSS013 plots significantly outside 
the MCF sample cluster; towards the lithic pole. 
CONGLOMERATE  PETROLOGY 
Methods 
Conglomerate samples were collected from the MCF and from Pleistocene-
Pliocene(?) alluvial deposits for determination of clast petrology and provenance 
evaluation. Conglomerate sample locations were recorded using a handheld global 
positioning system (GPS) receiver and are presented in Appendix IV.  Conglomerate 
samples were typically poorly to moderately consolidated.  Clasts ranged in size from 
pebbles to small cobbles.  Samples were placed in two-gallon plastic buckets or plastic 
storage bags for determination of clast petrology off-site.  Prior to analysis, the samples 
were washed to allow for better identification of clast types.  Prior to washing, the 
samples were evaluated to ensure that there were no clasts that would be destroyed during 
washing, thereby biasing the final clast distributions.  Samples were characterized by 
identifying a minimum of 100 clasts per sample. 
Results 
Six conglomerate samples were collected from the MCF in the vicinity of the Overton 
Arm of Lake Mead and evaluated for clast petrology (Figures 3.3 and 3.11). Two samples 
were collected from the upper sandstone, siltstone, and conglomerate member (Tmcu1) 
and four samples were collected from the upper conglomerate and sandstone member 
(Tmcu2).  Seven conglomerate samples were collected from Pleistocene-Pliocene(?) 
alluvial deposits within the Overton Arm region (Figure 3.3).  Clast-count data for all 
samples are presented in Appendix IV. 
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Upper Sandstone, Siltstone, and Conglomerate Member (Tmcu1) 
The two samples collected from the Tmcu1 member (TMCGL001 and TMCGL002) 
are treated as a single sample (TMCGL001/002) because they were collected from 
effectively the same stratigraphic position.  The sample is matrix-supported; pebble size; 
sub- to well-rounded.  Sample TMCGL001/002 predominantly contained metamorphic 
(43%) clasts, with lesser chert (24%) and volcanic (20%) clasts and minor carbonate 
(9%) and clastic sedimentary (3%) clasts (Figure 3.14). 
Upper Conglomerate and Sandstone Member (Tmcu2) 
Samples from the Tmcu2 member predominantly contained metamorphic (mostly 
quartzite) clasts with variable percentages of volcanic, carbonate, and chert clasts.  
Clastic sedimentary clasts occurred in only minor percentages within all samples.  
Conglomerate is matrix- and clast-supported; pebble to cobble size; sub- to well-rounded.  
From lowest to highest in the section: (1) sample TMCGL004 predominantly contained 
metamorphic (47%) clasts, with lesser carbonate (24%), volcanic (13%), and chert (12%) 
clasts and minor clastic sedimentary (3%) clasts; (2) sample TMCGL003 predominantly 
contained carbonate (40%) and metamorphic (34%) clasts, with lesser volcanic (15%) 
clasts and minor clastic sedimentary (6%) and chert (5%) clasts; (3) sample TMCGL010 
predominantly contained metamorphic (42%) and volcanic (32%) clasts, with lesser 
carbonate (15%) clasts and minor chert (8%) clasts and clastic sedimentary (3%) clasts; 
(4) sample TMCGL009 predominantly contained metamorphic (51%) clasts, with lesser 
chert (20%) and volcanic (18%) clasts and minor carbonate (8%) and clastic sedimentary 
(4%) clasts (Figure 3.14).   
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Pleistocene-Pliocene(?) Alluvium 
Conglomerate samples collected from Pliocene-Pleistocene(?) alluvial deposits vary 
significantly in their relative distributions of clast compositions and are dissimilar to the 
relative distributions observed within samples from the MCF (Figure 3.15). The 
Pleistocene-Pliocene(?) alluvial samples predominantly contain carbonate clasts (33-
86%), with varying percentages of clastic sedimentary (1-39%), chert (0-32%), 
metamorphic (1-19%), and volcanic (2-16%) clasts.  Samples TMCGL006 and 
TMCGL007 both contain 100% metamorphic (gneiss and schist) clasts and are 
exceptions to these general distributions. Relative clast distributions within Pliocene-
Pleistocene(?) samples varies spatially (Figure 3.15), reflecting differences in local 
source compositions. 
DISCUSSION 
Sandstone and Conglomerate Provenance 
Sandstone and conglomerate data from the MCF show little variability between 
samples (Figures 3.13 and 3.14), indicating a compositionally consistent source of 
sediment for the formation.  Sandstone samples are mature, consisting of sub-rounded to 
rounded sublitharenites (approximately 90-95% total quartz).  Conglomerate samples 
from the formation predominantly contain metamorphic (quartzite) clasts with lesser 
carbonate, felsic-intermediate volcanic, and chert clasts and minor clastic sedimentary 
clasts.  Conglomerate samples collected from Pleistocene-Pliocene(?) alluvial deposits 
contain highly variable clast distributions and are dissimilar to those observed in the 
MCF (Figure 3.15).  A single Pleistocene-Pliocene(?) sandstone sample contains 
significantly greater lithic grains and lesser quartz grains than samples from the MCF 
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(Figure 3.13).  The inconsistency in conglomerate and sandstone compositions between 
the MCF and Pleistocene-Pliocene(?) alluvial deposits reflect differing provenance for 
the units. 
Pleistocene-Pliocene(?) alluvial deposits reflect local bedrock compositions (e.g., 
Paleozoic limestone, Mesozoic clastic sedimentary strata, Early Proterozoic gneiss and 
schist) and were locally derived.  However, samples from the MCF are inconsistent with 
primary derivation from these local sources and, therefore, reflect a predominantly distal 
provenance, with some likely contribution from local sources.  Felsic-intermediate 
volcanic clasts occurring within the formation may be derived from the Caliente caldera 
complex, the Marysvale volcanic field, and/or the Kane Springs Wash volcanic center, 
consistent with the conclusions of Pederson (2008) and Forrester (2010), that Caliente 
and Kane Springs volcanic sequences contributed detritus to the formation in the northern 
Virgin Valley region.  However, volcanic clasts occur within Overton Arm MCF strata in 
significantly lesser abundance (and metamorphic clasts in much greater abundance) than 
Forrester (2010) observed within Virgin Valley MCF strata (Figure 3.15), indicating a 
difference in the provenance of Overton Arm and Virgin Valley MCF strata.   
Comparison of sandstone petrography data from the MCF in the Overton Arm region 
to formation data from Virgin Valley (from Forrester, 2010) show the Overton Arm MCF 
sandstones to be more quartz-rich and feldspar- and volcanic lithic-poor (Figure 3.17).  
Data from the MCF sandstone, exposed below Mormon Mesa to the north of Overton 
Arm and south of Mesquite (from Forrester, 2010), show feldspar and volcanic lithic 
content intermediate to the MCF in Virgin Valley (Forrester, 2010) and the Overton Arm 
MCF (Figure 3.17).  The combined data indicate a progressive (southward) decrease in 
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the relative volcanic contribution to the MCF.  Additionally, MCF data from the Overton 
Arm (Figure 3.17) are more similar to modern Colorado and Virgin River sediment (from 
Pederson, 2008) than to local Pleistocene-Pliocene(?) alluvium and are compositionally 
similar to eolian and marine sandstones exposed on the Colorado Plateau (from 
Dickinson and Gehrels, 2009).  These data indicate that the MCF in the Overton Arm 
region received greater sediment contribution from the Colorado Plateau than did the 
MCF exposed in Virgin Valley. 
Forrester (2010) interpreted that the MCF in northwestern Virgin Valley was derived 
predominantly from the Caliente caldera complex, with sediment transported southeast, 
where it mixed with sediment derived from the Colorado Plateau via an ancestral Virgin 
River.  The mixed sediment was transported southward in Virgin Valley towards the 
Overton Arm region (Forrester, 2010).  Muddy Creek Formation sandstone compositions 
in the Overton Arm region are consistent with this interpretation of mixed sources, where 
the formation occurring in the Overton Arm represents a progressively (southward) 
greater relative proportion of Colorado Plateau-derived sediment, with probable 
contribution from the locally exposed Aztec Sandstone.  The comparatively low 
abundance of volcanic-derived detritus in MCF strata within the study area indicate that: 
(1) the primary source of sediment to the study area was from an alternate, non-volcanic, 
region (where the volcanic signature was “diluted” southward by influx of quartz-rich 
sediment from this alternate source region) or (2) requires these volcanic clasts and 
feldspar/lithic volcanic grains to be rapidly weathered and removed from the sediment 
load entering the Overton Arm region.  Rapid weathering seems improbable, given the 
relatively short transport distance (approximately 45 kilometers) from the Mesquite area 
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(study area of Forrester, 2010) and the Overton Arm.  Primary contribution from an 
alternate, non-volcanic, source region for the MCF exposed in the Overton Arm is more 
probable. 
Stratigraphic change in provenance must also be considered.  Muddy Creek 
Formation samples from the Overton Arm region include samples collected from lower in 
the stratigraphy than were analyzed by either Forrester (2010) or Pederson (2008), in 
addition to samples from approximately equal stratigraphic position.  Samples from lower 
in the MCF (from the Overton Arm), contain a significantly smaller amount of volcanic-
derived detritus than do samples from higher in the section (from Virgin Valley).  It is 
possible that this reflects a change in provenance, over time, where the older MCF was 
derived predominantly from non-volcanic sources (potentially rocks exposed on the 
Colorado Plateau), with increased volcanic contribution during deposition of the upper 
MCF.  However, due to a lack of Virgin Valley MCF data from low in the stratigraphy, it 
cannot be ruled out that the lower MCF (Overton Arm region) volcanic signature was 
progressively “diluted” southward, similarly to that interpreted for the upper MCF in the 
Overton Arm region. 
Zircon Populations 
Detrital zircons from the MCF are dominated by 285 Ma and greater populations, 
with grains less than 285 Ma comprising less than half of all zircons from the formation 
(Table 3.9 and Figure 3.18).  Normalized probability plots with zircon population ranges 
show similar population distributions throughout the formation (Figure 3.19).   
Zircon populations within the MCF are consistent with initial derivation (does not 
address potential recycling prior to deposition within the MCF) from local Basin and 
 53 
Range igneous (35.3-6 Ma; Christiansen et al., 1977; Novak, 1984; Novak and Mahood, 
1986; Best et al., 1994; Rowley et al., 1994; Gromme et al., 1997; Hacker et al., 2007), 
Cordilleran magmatic arc (65-285 Ma; Dickinson and Gehrels, 2003, 2009), and 
Colorado Plateau (>285 Ma; Dickinson and Gehrels, 2009) sources.   285 Ma was used as 
the age to separate zircon populations because this is the distinguishing age for Colorado 
Plateau (>285 Ma) and Cordilleran and Basin and Range (<285 Ma) zircons, as presented 
in Dickinson and Gehrels (2009).  Colorado Plateau zircons can be subdivided into sub-
populations that reflect their initial source terranes: (1) Appalachian sources (285-750 
Ma; Dickinson and Gehrels, 2003, 2009); (2) an undetermined 750-900 Ma source; (3) 
Grenville sources (900-1300 Ma; Dickinson and Gehrels, 2003, 2009); (4) the 
Mesoproterozoic ancestral Rockies (1300-1600 Ma; Dickinson and Gehrels, 2003, 2009); 
(5) Yavapai-Mazatzal rocks (1600-1800; Dickinson and Gehrels, 2003, 2009); (6) the 
Paleoproterozoic craton of Laurentia (1800-2200 Ma; Dickinson and Gehrels, 2003, 
2009); (7) an undetermined 2200-2500 Ma source; and (8) the Archean craton of 
Laurentia (>2500 Ma; Dickinson and Gehrels, 2003, 2009).  It is possible that some 
zircons within the MCF were derived from xenocrysts expelled during explosive 
eruptions at Oligocene-Miocene volcanic centers, however this cannot be accounted for. 
The stratigraphic distribution of detrital zircons (Figure 3.20) occurring within the 
MCF and Pliocene-Pleistocene(?) alluvium are presented in three groups: (1) 0-35 Ma 
zircons (Basin and Range igneous source); (2) 65-285 Ma zircons (Cordilleran magmatic 
arc source); and (3) greater than 285 Ma (Colorado Plateau and/or Colorado Plateau-
equivalent sources; herein referred to as “plateau-age” zircons).  After approximately 6.6-
6.02 Ma (Feuerbach et al., 1991; Beard et al., 2007), plateau-age zircons dominate within 
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the lower MCF (Tmcl) and in the lower part of the upper sandstone and siltstone member 
(Tmcu3).  The plateau-age zircons decrease in relative percentage near the base of the 
upper conglomerate and sandstone (Tmcu2) and upper sandstone, siltstone, and 
conglomerate (Tmcu1) members, where both Basin and Range volcanic- and Cordilleran-
age zircons increase in relative occurrence but remain subordinate to plateau-age zircons.  
Following this increase in Basin and Range volcanic- and Cordilleran-age zircons, their 
relative abundance decreases up-section (within the upper part of the formation) to 
percentages approximately equal to those observed in the lower part of the formation 
(Tmcl).  The relative distribution of zircon ages within Pleistocene-Pliocene(?) alluvium 
(sample TMSS013) is approximately equal to the percentages observed in the lower and 
uppermost part of the MCF.  The upper MCF was deposited syn-tectonically within the 
study area (Chapter 2, this volume) and the increase in younger zircons corresponds to 
the initial deposition of a syn-tectonic conglomerate sequence (influx of coarse-grained 
detritus; Tmcu2).  The relative percentages of young zircon populations returns 
(decreases) to pre-influx percentages by the time the upper part of the conglomerate 
sequence (and coeval Tmcu1 member) is deposited.  It is probable that the increase in 
Basin and Range- and Cordilleran-age zircons observed near the base of the upper MCF 
(Figure 3.20) is related to local tectonic activity resulting in a period of increased erosion 
of local strata bearing <285 Ma zircons and contribution of those grains to the formation.  
However, the possibility that this increase in <285 Ma grains is coincidental to local 
tectonic activity and was in response to other distal geologic events cannot be discounted. 
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Zircon Provenance 
Muddy Creek Formation detrital zircon age populations and the relative percentages 
of zircons occurring within the populations are consistent with those identified by 
Dickinson and Gehrels (2003, 2008, 2009) within samples collected from Permian 
through Upper Cretaceous strata exposed on the Colorado Plateau.  The MCF also 
contains zircon populations consistent with the ages of zircon-bearing Miocene igneous 
units exposed in the Basin and Range.  The occurrence of these detrital zircon 
populations indicates the MCF was derived from mixed Colorado Plateau-Basin and 
Range sources. 
Basin and Range Provenance 
MCF detrital zircon ages less than 35 Ma (Table 3.1) were compared to the ages of 
Basin and Range volcanic units exposed in the vicinity of the MCF (Table 3.10).  
Comparison of zircon and volcanic unit ages (Figure 3.19 and Table 3.11) indicates 
zircons were potentially contributed to the total MCF from any and all of volcanic source 
terranes exposed in the region (Figure 3.8).  However, if considering the relative number 
of zircon grains of each age in Table 3.10, the majority of MCF zircons were potentially 
sourced from the Caliente caldera complex, the Marysvale volcanic field, the Pine Valley 
Mountains, and/or the Central Nevada caldera complex.  The Caliente caldera complex, 
the Marysvale volcanic field, and the Pine Valley Mountains are all in close proximity to 
one another (Figure 3.8).  The Central Nevada caldera complex is located further east 
than these other three volcanic center (Figure 3.8) and overall, the MCF contains fewer 
grains potentially derived from the Central Nevada caldera complex (Tables 3.1 and 
3.10).  Therefore, it is interpreted that Basin and Range-age detrital zircons within the 
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MCF were predominantly sourced from a region to the north-northeast of the field area; 
from the Caliente caldera complex, the Marysvale volcanic field, and the Pine Valley 
Mountains. 
Colorado Plateau Provenance 
Plateau-age zircons of Dickinson and Gehrels (2003, 2008, 2009) were identified 
within the MCF.  However, Colorado Plateau-equivalent strata (e.g., Aztec Sandstone) 
are locally exposed in the Basin and Range.  Therefore, is it possible that plateau-age 
zircons within the MCF were derived solely from Basin and Range sources? 
To test if MCF zircon ages could be produced solely from locally exposed Colorado 
Plateau-equivalent strata, a Kolmogorov-Smirnoff (K-S) test was run to compare data 
from the formation to data from potential local sources.  The K-S test was applied in this 
study, using an MS Excel macro developed by the Arizona LaserChron Center (available 
from http://sites.google.com/a/laserchron.org/laserchron/home).  Kolmogorov-Smirnoff 
statistics (Press et al., 1986) mathematically compares the cumulative distribution 
functions (CDFs) of two populations, while taking into account data uncertainty 
(precision), to determine if those populations are not statistically indistinguishable at the 
95% confidence interval (Guynn, 2006).  Numerous previous studies have applied K-S 
statistics to the analysis of detrital zircon data (e.g., Berry et al., 2001; DeGraaf-Surpless 
et al., 2003; Dickinson and Gehrels, 2008; Dickinson et al., 2009).  The result of the K-S 
test is a p-value.  From Dickinson and Gehrels (2008): the p-value assesses the 
probability that differences between two age-distribution curves could be due simply to 
random choice of grains during analysis.  A p-value of 0.05 or greater indicates the age 
populations in each sample were not selected randomly from a single parent population, 
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therefore it is concluded the samples are statistically indistinguishable (Dickinson and 
Gehrels, 2008).  A p-value of less than 0.05 indicates the samples are statistically distinct.  
The K-S test software developed by the Arizona LaserChron Center provides the option 
of calculating p-values using a CDF created either with or without uncertainty (Guynn, 
2006).  A K-S test run with uncertainty produces a smoothed CDF curve, usually leading 
to a more conservative (larger) p-value (i.e., it is more difficult to reject two samples as 
being from different populations when error is incorporated in the test, meaning it is 
easier to obtain a “passing” p-value; Guynn, 2006). 
Zircon data from a locally collected sample of the Aztec Sandstone (Sample CP30 
from Dickinson and Gehrels, 2009; Figure 3.9) was run (a K-S test) against a composite 
of all MCF zircon ages greater than 200 Ma (the approximate age of the Aztec 
Sandstone).  Zircons less than 200 Ma from the MCF were excluded from the analysis in 
order to avoid biasing the results; <200 Ma grains are lacking from the Aztec Sandstone 
due to its depositional age.  The test yielded p-values of 0.051 (using error in the 
analysis) and 0.013 (no error used in the analysis); an inconclusive result.  The p-value of 
0.051 is a marginally passing value (>0.05) and indicates that the two samples are not 
statistically indistinguishable, therefore indicates that MCF zircon ages (>200 Ma) could 
have been derived solely from the Aztec Sandstone.  However, the p-value of 0.013 was 
obtained from a less conservative (more difficult to obtain a passing value) test and 
indicates failure; that the two samples are distinct and that the Aztec Sandstone could not 
have been the sole-source for MCF zircons.  A second K-S test was run on composite 
samples from the MCF members and the Aztec Sandstone.  The test yielded p-values of 
0.081 (Tmcl vs. Aztec), 0.185 (Tmcu3 vs. Aztec), 0.126 (Tmcu2 vs. Aztec), and 0.170 
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(Tmcu1 vs. Aztec) when error was used in the analysis (more conservative analysis).   P-
values of 0.022 (Tmcl vs. Aztec), 0.060 (Tmcu3 vs. Aztec), 0.050 (Tmcu2 vs. Aztec), and 
0.067 (Tmcu1 vs. Aztec) were obtained when no error was used in the analysis (less 
conservative analysis, more difficult to obtain passing p-value).  The results grouped by 
formation members likely explain, at least in part, the inconclusiveness of the composite 
(total) MCF-Aztec Sandstone test results, where the zircon ages from the Tmcl sample 
reduced the p-value of the total composite analysis.  However, ambiguity remains; the 
Tmcl test results indicate detrital zircons from the lower MCF were not derived solely 
from local recycling of zircons from the Aztec Sandstone, yet zircons within the upper 
part of the formation (Tmcu1, Tmcu2, and Tmcu3) could have been derived solely from 
this local potential source.   
To further complicate the assessment of zircon provenance for the MCF, the Aztec 
Sandstone is only one of several locally exposed units that potentially would have 
contributed zircons to the formation, should it have been derived solely from local Basin 
and Range sources.  However, statistical comparisons to these other local strata (e.g., 
Baseline Sandstone and Willow Tank Formation) cannot be made due to a lack of 
available raw detrital zircon data from these units.  Therefore, comparisons were made to 
sample TMSS013; a locally exposed Pleistocene-Pliocene(?) alluvial deposit.  
Conglomerate petrology and sandstone petrography indicate TMSS013 was derived from 
local sources and, therefore, should represent a composite of zircon ages recycled from 
local sources.  All K-S tests run against TMSS013 and MCF composite member samples 
yielded passing p-values, indicating that detrital zircons within the MCF could have been 
derived solely from local sources.  Yet these results are also considered to be 
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inconclusive because TMSS013 overlies the MCF in angular unconformity and includes 
deposits within paleo-channels.  Consequently, detrital zircons within TMSS013 likely 
include zircons recycled from the MCF, potentially invalidating the statistical 
comparison.  When detrital zircon data from TMSS013 and the MCF are compared 
subjectively, they appear to represent distinct populations.  Sample TMSS013 lacks 
zircons ranging from 85 to approximately 100 Ma, which are present in the MCF; 
indicating the MCF was derived, in part, from Cordilleran magmatic arc sources but 
TMSS013 was not (Figure 3.19).  Zircon populations less than 35 Ma are also distinctly 
different, with the MCF containing predominantly 19-20 Ma zircons and TMSS013 
containing predominantly 13 Ma zircons.  This subjective comparison, though 
inconsistent with the statistical analyses, suggests that the MCF and TMSS013 were 
derived, at least in part, from different sources.   
Comparison of MCF detrital zircon data to locally exposed plateau-equivalent units 
and locally exposed Pleistocene-Pliocene(?) is inconclusive. Therefore, K-S tests 
comparing the MCF to detrital zircon samples collected on the Colorado Plateau (from 
Dickinson and Gehrels, 2003, 2008, 2009) were run.  These K-S tests yielded p-values 
ranging from 0.00 to >0.9; indicating a range of failed and passed tests.  Unfortunately, 
these too are inconclusive results, as a single plateau unit would not have been the sole-
source for the MCF, if the formation was sourced from the Colorado Plateau.  Instead, a 
composite Colorado Plateau sample, representing a mixture of detrital zircons recycled 
from multiple plateau units, is needed for comparison to the MCF.  However, this 
theoretical composite plateau sample cannot be reliably derived from existing sample 
data because the relative zircon fertility is not established for the plateau units and the 
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relative volume contribution from each unit cannot be accounted for.  Zircon fertility of a 
terrane or lithologic unit is defined by Moecher and Samson (2006) as “its ability to 
generate sufficient zircon of an age defining the time of stabilization of that terrane as a 
coherent, discrete crustal component supplying detritus to a sedimentary basin.”  A proxy 
for this composite Colorado Plateau sample is required and is found in modern river 
sediment from rivers draining the Colorado Plateau.  Detrital zircon data from modern 
Colorado River and Virgin River sediment were compared to the MCF.  A K-S test 
comparing Virgin River detrital zircon ages from Forrester (2010) and data from the 
MCF yielded p-values (no error; less conservative) of 0.158 (total composite) and 0.093 
to 0.667 (member composites); indicating that modern Virgin River sediment and the 
MCF are not statistically indistinguishable at the 95% confidence interval.  A K-S test 
was not conducted using modern Colorado River sediment due to a lack of available raw 
zircon data from the Colorado River.  However, an unpublished cumulative probability 
curve for zircon ages from modern Colorado River sediment was obtained (D.L. 
Kimbrough in written communication to A.D. Hanson).  Cumulative probability curves 
were constructed for zircons from the MCF, the Virgin River, and sample TMSS013 and 
plotted against the curve from modern Colorado River zircons (Figure 3.21).  The curves 
for the Tmcu1, Tmcu2, Tmcu3, and MCF (total) track very well with the Colorado River 
curve for ages less than approximately 1000 Ma; the Virgin River curve from 
approximately 1000 to 1700 Ma; and again the Colorado River curve for ages greater 
than approximately 1700 Ma.  The curve for Tmcl tracks the Colorado River curve very 
well for ages less than approximately 750 Ma and tracks (between) the Colorado River 
and Virgin River curves for ages greater than approximately 1200 Ma.  From 
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approximately 750 to 1200 Ma, the Tmcl curve deviates from the Colorado River and 
Virgin River curves; retaining the approximate shape of the two river curves but tracking 
below them, indicating a lesser amount of zircon grains from this age occurring within 
Tmcl, relative to the two river curves.  The similarity of curves suggests that detrital 
zircons within the MCF were largely derived from the Colorado Plateau, in proportions 
similar to those observed in the modern plateau drainage system.  The smaller amount of 
750 to 1200 Ma zircons in Tmcl, relative to modern river occurrence, indicates that the 
older river system transporting sediment to the lower MCF was eroding rocks that 
contained less zircon within the 750 to 1200 Ma range than are the modern river systems.  
This possibly could be due to a change in headwaters or erosion into deeper stratigraphy 
over time, allowing for erosion of units containing more 750 to 1200 Ma zircons. 
CONCLUSIONS 
The occurrence of 12-34 Ma detrital zircons and felsic-intermediate volcanic clasts in 
the MCF demonstrates the formation was derived, at least in part, from Basin and Range 
sources, predominantly the Caliente caldera complex, the Marysvale volcanic field, 
and/or laccoliths exposed in the Pine Valley Mountains area, with possible lesser 
contribution from other local volcanic centers.  Results from statistical comparisons of 
detrital zircons from the MCF to data from the Aztec Sandstone, from locally derived 
Pleistocene-Pliocene(?) alluvial deposits, and to zircons from the Virgin River indicate 
that the MCF may have been derived solely from local Basin and Range sources or from 
a combination of Basin and Range and Colorado Plateau sources.  Subjective 
comparisons of MCF data to local Pleistocene-Pliocene(?) alluvium (sample TMSS013) 
indicate dissimilar zircon populations for ages less than 176 Ma and comparisons also 
 62 
show dissimilar petrography and petrology data.  Visual (subjective) comparisons of 
detrital zircon data from the MCF to data from the modern Colorado and Virgin Rivers 
show an excellent match and suggest contribution of Colorado Plateau-derived sediment 
to the MCF during deposition.  These subjective comparisons indicate that the MCF was 
derived from mixed Basin and Range and Colorado Plateau sources. Further supporting a 
predominantly distal provenance for the MCF, is the dissimilarity of conglomerate 
petrology data from the formation, when compared to multiple locally derived 
Pleistocene-Pliocene(?) alluvial samples and the similarity of formation sandstone 
petrography data to data from multiple samples from the Colorado Plateau.  Therefore, 
this study concludes that the MCF, in the vicinity of the Overton Arm of Lake Mead, was 
derived from a mixed Basin and Range-Colorado Plateau provenance; not predominantly 
from rocks locally exposed in the Overton Arm region. 
This study used detrital zircon, sandstone petrography, and conglomerate petrology 
data to test if the MCF was deposited by the ancestral Colorado River.  Samples analyzed 
from the formation during this study were deposited between less than 6.6-6.02 Ma and 
approximately 4 Ma.  The modern Colorado River was established between 
approximately 5.5 and 4.5 Ma (Lucchitta, 1979; Howard and Bohannon, 2001; Spencer et 
al., 2001; Faulds et al., 2002; House et al., 2005).  The lowermost sample from this study 
(TMSS004; Tmcl member) was deposited at approximately 6 Ma, which represents strata 
deposited coeval with an ancestral Colorado River.  Sample TMSS005, from the Tmcu3 
member, is estimated to have been deposited between approximately 5.5(?) and 5(?) Ma 
(Chapter 2, this volume), which may represent strata deposited prior to integration of the 
modern Colorado River, if integration occurred post-5 Ma.  The remaining samples 
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analyzed as part of this study were deposited between approximately 5(?) Ma and 4 Ma 
(estimated; Chapter 2, this volume), therefore the lower samples from this group (those 
pre-4.5 Ma) may represent strata deposited prior to the modern Colorado River, while the 
upper samples from this group (those less than 4.5 Ma) represent strata deposited after 
establishment of the modern Colorado River.    
The MCF Tmcl member was derived from a mixed Colorado Plateau and Basin and 
Range provenance and was deposited prior to integration of the modern Colorado River.  
Therefore, this study concludes the lower MCF was deposited by a river system that 
drained the Colorado Plateau and predates the modern Colorado River.  As such, the 
lower MCF may represent strata deposited by the ancestral Colorado River.  The lower 
part of the upper MCF (Tmcu3) may have also been deposited by the ancestral Colorado 
River, though additional age control for the samples from this part of the stratigraphy is 
necessary to confirm Tmcu3 samples were deposited prior to integration of the modern 
Colorado River.  This study further concludes that the uppermost MCF (Tmcu1 and 
Tmcu2) was deposited by an ancestral Virgin River; therefore the MCF potentially 
records the evolution of Colorado Plateau drainage from an ancestral Colorado River 
system to a combined Virgin River and modern Colorado River system.  This study 
acknowledges the possibility that the MCF entirely represents strata deposited by an 
ancestral Virgin River system and that the terminal deposits of the ancestral Colorado 
River remain undetermined.  Although this study cannot confirm the MCF was deposited 
by the ancestral Colorado River, it does demonstrate that the MCF cannot be discounted 
as having been deposited by the ancestral Colorado River.  Future study of the northern 
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sandy facies of the Tmcl member of the MCF (>6 Ma) may provide the data necessary to 
support or refute an ancestral Colorado River origin for the lower MCF. 
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CHAPTER 4 
PRELIMINARY GEOLOGIC MAP OF THE VALLEY OF FIRE EAST 
QUADRANGLE, CLARK COUNTY, NEVADA 
INTRODUCTION 
Detailed geologic maps are lacking for numerous 7.5-minute quadrangles throughout 
Nevada.  The Overton Arm region of southern Nevada is no exception and a lack of 
detailed geologic maps in the region is problematic, as related to the Muddy Creek 
Formation (MCF).  Early mapping at the 1:250,000 scale (Longwell et al., 1965) required 
the MCF to be mapped as a single unit, without consideration to potential stratigraphic or 
geographic changes in lithology.  More recent mapping (Beard et al., 2007; Felger and 
Beard, 2010) provided greater detail for the MCF, including distribution of several MCF 
“facies” and some major structural features.  However, no previous geologic map from 
the region is sufficiently detailed to resolve MCF stratigraphy and structural features at 
the scale necessary for my research.  Therefore, new 1:24,000 geologic mapping was 
completed within the vicinity of the Overton Arm of Lake Mead during this study and a 
new geologic map for the Valley of Fire East Quadrangle was compiled.  New 1:24,000 
scale mapping was also completed to the east and northeast of the Valley of Fire East 
Quadrangle and is included as Plate 2.1 in Chapter 2 (this volume). 
METHODS 
The Valley of Fire East Quadrangle geologic map was prepared using a combination 
of methods: (1) compilation from existing maps, (2) aerial photography mapping, (3) 
field and reconnaissance mapping, and (4) spot-checking of features mapped using aerial 
photography and/or compiled from previous studies.  Compilation mapping reinterprets 
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and expands on previous 1:62,500 scale (Bohannon, 1983a), 1:100,000 scale (Beard et 
al., 2007), and 1:250,000 scale (Felger and Beard, 2010) geologic mapping and was 
primarily used to map pre-MCF geologic features.  Aerial photographs were used to map 
contacts (stratigraphic and structural) of pre-MCF units and were essential for mapping 
geologic features in areas with low topographic relief.  The contour interval of the USGS 
topographic maps for the region is 10 meters and in areas with low topographic relief, 
this interval provided insufficient detail to accurately locate contacts without the aid of 
aerial photography overlain (digitally) on a topographic base.  Aerial photographic 
sources included USGS digital orthophoto quadrangles, the USDA National Agriculture 
Imagery Program (NAIP), USDA NAIP Colorized Infrared Imagery, and Google Earth 
imagery. Detailed field mapping and reconnaissance mapping was predominantly focused 
on the MCF. 
DESCRIPTION OF MAP UNITS 
Included within this section are the descriptions of geologic units shown on Plate 4.1. 
Quaternary Deposits 
Qdl Disturbed land (Holocene) 
Areas where naturally exposed geologic features have been obscured or modified by 
excavation or fill activities such that they are no longer recognizable.  In the vicinity of 
the southern limit of Overton Ridge, previous mapping (Bohannon, 1983a) showed Qdl is 
underlain by Kbr, Kbw, Kwt, and Ja. 
Qlm Lake Mead deposits (Holocene) 
Predominantly light tan silt and mud with lesser marginal wave-reworked sand and 
gravel beach deposits locally derived from the Muddy Creek Formation, Pliocene-
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Pleistocene(?) alluvial deposits, and/or modern washes; silt and mud is unconsolidated, 
planar horizontal laminated; marginal sand and gravel deposits unconsolidated, typically 
lacking distinct lamination.  Unit is exposed in areas formerly covered by Lake Mead.  
Unit is partially dissected by the Muddy River and modern washes.  Thickness ranges 
from several centimeters to greater than several meters. 
Qa Alluvium (Holocene) 
Alluvium of active washes and rivers. Pale-orange to tan sand and sandy gravel; 
unconsolidated. 
Qe Eolian deposits (Holocene to Pleistocene) 
Pale orange to red-orange sand; unconsolidated to poorly indurated, fine- to medium-
grained, well sorted, fine laminations common but lacks bedding.  Occurs as sheets and 
dunes of limited aerial extent.  Thickness ranges from less than 10 centimeters to greater 
than several meters. 
Qoa1 Older Alluvium (Upper to Middle Pleistocene) 
Light tan to brown conglomerate, sandstone, and siltstone.  Typically clast-supported; 
poorly rounded to rounded clasts ranging from pebble to cobble size and predominantly 
consisting of limestone with lesser sandstone, volcanic (felsic to mafic), and quartzite 
clasts.  Matrix predominantly consists of quartz sand; very fine- to medium-grained, 
angular to rounded grains.  Uncemented to weakly cemented with carbonate, however 
many clasts have a discontinuous carbonate coating up to several millimeters thick.  
Bedding ranges from massive to discontinuous beds up to 50 centimeters thick with 
planar and trough cross-laminations.  Typically ranges from less than ten centimeters to 
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greater than ten meters thick.  Occurs as alluvial fans and floodplain deposits. Locally 
fills paleo-topographic lows (paleo-canyons).   
Qoag Older Alluvium – gypsiferous (Upper to Middle Pleistocene) 
Gypsiferous spring deposits exposed in the vicinity of Rogers Spring and Blue Point 
Spring.  Up to two meters thick (Bohannon, 1983a). 
Qp Petrocalcic soil, undifferentiated (Middle Pleistocene? to Upper Pliocene?) 
Petrocalcic soil; typically capping Qoa2, Tmcu, and Tmcl.  Forms resistant caps that 
have commonly been left elevated as a remnant surface, due to recent regional incision 
(Bohannon, 1983a).  Occurs in variable stages of development; undifferentiated on map.  
Northern and west-central Qp occurrences are up to stage III petrocalcic development; up 
to two meters in thickness (Beard et al., 2007); typically capping Qoa2.  East-central Qp 
occurrences are up to stage V development or greater; up to 5 meters thick (Beard et al., 
2007); typically caps Tmcu or Tmcl. 
Qoa2 Older Alluvium (Middle Pleistocene to Upper Pliocene?) 
Light tan to brown conglomerate, sandstone, and siltstone.  Conglomerate is typically 
clast-supported; angular to rounded clasts ranging from pebble to cobble size and 
predominantly consisting of limestone and cherty limestone with lesser chert, sandstone, 
volcanic (felsic), and quartzite clasts.  Matrix predominantly consists of quartz sand; fine- 
to medium-grained, rounded to well-rounded grains.  Uncemented to weakly cemented 
with carbonate, however many clasts have a discontinuous carbonate coating up to 
several millimeters thick.  Bedding ranges from massive to discontinuous beds up to 50 
centimeters thick with planar and trough cross-laminations.  Typically less than five 
meters thick.  Occurs as alluvial fans and floodplain deposits. 
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Tertiary Rocks 
Muddy Creek Formation (Pliocene to Upper Miocene) 
The Muddy Creek Formation represents the youngest widespread basin deposits 
within the Lake Mead Region and predominantly consists of sandstone, siltstone, and 
claystone, with common gypsum and gypsiferous beds and lesser conglomerate beds 
(Bohannon, 1984).  The basal age of the MCF is reported to range from approximately 8 
Ma (Lamb et al., 2005) to younger than 10.6 Ma (the upper age of the underlying red 
sandstone unit; Bohannon, 1984).  The upper age of the MCF is at least as young as 4.1 ± 
0.2 Ma (Williams, 1996), based on whole-rock K-Ar analysis of a basalt flow interbedded 
near the top of formation in the vicinity of Mesquite, Nevada. 
The Muddy Creek Formation is interpreted to represent Late Miocene post-tectonic 
deposition within a series of internally drained basins (Bohannon, 1984).  However, the 
formation is at least locally (within the map area) syn-tectonic; due to post-6.62 ± 0.03 
Ma motion along the Rogers Spring and Hen Spring faults (Chapter 2, this volume).  In 
the vicinity of the map area, the formation was derived from far-traveled Basin and 
Range and Colorado Plateau sources, in addition to materials with a local provenance 
(Chapter 3, this volume). 
The Muddy Creek Formation is divided into three informal members within the map 
area: upper sandstone and conglomerate member (Tmcu); lower sandstone, siltstone, and 
gypsiferous siltstone member (Tmcl); and lower coarse-grained member (Tmcc). 
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Tmcu Muddy Creek Formation – upper sandstone and conglomerate member 
(Pliocene to Upper Miocene) 
Interbedded tan, light pink, and red-orange sandstone and conglomerate with some 
siltstone.  Poorly to weakly indurated.  Planar-laminated and tabular and tough cross-
laminated discontinuous beds; typically ranging from 10 centimeters to less than 50 
centimeters in thickness.  Sandstone is fine- to medium-grained; moderate- to well-
sorted; sub- to well-rounded; composed predominantly of quartz with lesser feldspar and 
lithic grains.  Conglomerate is matrix- and clast-supported; pebble to cobble size; sub- to 
well-rounded; composted of 20-30% volcanic (felsic to intermediate), 10-15% carbonate 
(limestone with minor dolomite), 10-20% chert, <5% clastic sedimentary, 40-50% 
metamorphic clasts (mostly quartzite with lesser gneiss and minor schist). Maximum 
thickness greater than 100 meters. 
Tmcl Muddy Creek Formation – lower sandstone, siltstone, and gypsiferous siltstone 
member (Upper Miocene) 
Interbedded tan, light pink, and red-orange sandstone, siltstone, and gypsiferous 
siltstone with sparse conglomerate beds.  Poorly to weakly indurated.  Predominantly 
siltstone with gypsiferous siltstone, sandy siltstone, and sandstone in central and southern 
exposures.  Records a southward-fining lateral facies change, from sandstone- and 
siltstone-dominated deposits in the north to siltstone- and gypsiferous siltstone-dominated 
deposits in the south (Chapter 2, this volume).  Planar-laminated continuous beds 
predominate in southern exposures; typically ranging from one to ten centimeters in 
thickness.  Planar-laminated continuous and discontinuous beds and tabular and tough 
cross-laminated discontinuous beds are common in northern and eastern exposures; 
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typically ranging from several centimeters to less than 0.5 meters thick.  Sandstone is 
very fine- to medium-grained; sub- to well-rounded; sorted to well-sorted; composed 
predominantly of quartz with lesser feldspar and lithic grains.  Thin basalt flows (Tb) are 
interbedded within the formation.  Sparse ash beds (lacking phenocrysts) are interbedded 
within Tmcl.  Glass within these ashes is typically devitrified but one sample collected 
near the intersection of Northshore Road (Highway 169) and Overton Beach Road (State 
Route 12) yielded a tephrochronologic correlation to the Blacktail Creek Tuff (Chapter 2, 
this volume), which has been dated at 6.62 ± 0.03 Ma (Morgan and McIntosh, 2005).  
Thickness is approximately 900 meters, based on borehole data from the Virgin basin 
(Bohannon et al., 1993). 
Mannion (1963) details salt domes exposed (all but one now covered by Lake Mead) 
in the vicinity of Salt Cove (southeastern edge of the map area) and a thick subsurface 
salt deposit in the southeastern region of the map area.  The subsurface salt deposit is 
locally at least 300 meters to greater than 535 meters thick; consisting of impure halite, 
glauberite, and lesser anhydrite beds occurring with fine sand, silt, and clay beds 
(Mannion, 1963).  Mannion (1963) concluded the salt deposit was part of the basal 
Muddy Creek Formation. 
Tmcc Muddy Creek Formation – lower coarse-grained member (Upper Miocene) 
Gray-brown conglomerate; locally derived; accumulated along margin of the main 
Muddy Creek Formation basin (Bohannon, 1983a; Beard et al., 2007).  Only exposed 
along the eastern flank of Overton Ridge, in the north-central region of the map, where it 
unconformably overlies Thr and intertongues with Tmcl (Bohannon, 1983a; Beard et al., 
2007). 
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Tb Basalt – flows (Upper Miocene) 
Olivine- and olivine-augite-bearing basalt flows (Bohannon, 1983a; Beard et al., 
2007) interbedded with the Muddy Creek Formation lower sandstone, siltstone and 
gypsiferous siltstone member (Tmcl).  Exposed south and west of Overton Beach.  
Amygdules are commonly filled by natrolite and analcime (Bohannon, 1983a).  Chloritic 
alteration is present in most exposures.  Flows are typically thin, ranging from 
approximately one to ten meters in thickness.  Reported ages vary.  The flow exposed in 
the vicinity of Black Point yielded ages of 6.02 ± .39 Ma (plagioclase K-Ar; Feuerbach et 
al., 1991), 6.15 Ma, and 6.6 Ma (preliminary 40Ar/39Ar isochron ages; Beard et al., 2007).  
A flow exposed approximately two kilometers west of the Black Point flow and reported 
to be located at 36°24’53”N / 114°24’25”W (referenced to NAD27) yielded a whole-rock 
K-Ar age of 8 Ma (Eberly and Stanley, 1978).  However, the dated samples are all 
believed to have been collected from a single flow unit, indicating inaccuracy in one or 
more of the analyses, possibly due to chloritic alteration and/or analysis methodology. 
Ti Mafic rocks – intrusive (Upper Miocene) 
Mafic dikes and plugs intruding Paleozoic rocks and bearing hypersthene, augite, and 
olivine (Bohannon, 1983a; Beard et al., 2007).  Exposed within the northeastern Muddy 
Mountains. 
Trs Red sandstone unit (Upper to Middle Miocene) 
Rocks informally named the red sandstone unit (Bohannon, 1984) and consisting of 
interbedded red to tan sandstone, siltstone, gypsiferous siltstone, pebbly sandstone, and 
tephra beds crop out within the map area, predominantly to the northeast of the Muddy 
Mountains (Bohannon, 1983a, 1984; Beard et al., 2007).  Previous mapping (Beard et al., 
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2007) conducted within the map area shows that the red sandstone unit unconformably 
overlies Mesozoic strata and is unconformably overlain by the Muddy Creek Formation.  
The ages of red sandstone unit outcrops exposed within the map area are undetermined.  
However, ages obtained elsewhere from the unit show the red sandstone unit is at least as 
old as 11.70 ± 0.08 Ma, based on a tephra occurring near the base of the unit (Harlan et 
al., 1998; Beard et al., 2007).  The basal age is less than 12.93 ± 0.10 Ma, based on an 
age obtained from a dacite clast occurring within an interbedded megabreccia block 
(Harlan et al., 1998; Beard et al., 2007).  The upper age of the unit is at least as young as 
10.05 ± 0.03 Ma (Anderson et al., 1994).  Lamb et al. (2005) suggest the red sandstone 
unit may be as young as approximately 8.5 Ma. 
Trc Red sandstone unit – conglomerate facies (Upper to Middle Miocene) 
Tan to gray conglomerate and sandstone interpreted by Bohannon (1983a) and Beard 
et al. (2007) to be coeval with the informally named red sandstone unit of Bohannon 
(1984).  Exposed in the vicinity of the northern Muddy Mountains within fault blocks and 
adjacent to faults (Bohannon, 1983a; Beard et al., 2007).  Clasts are subangular to 
angular, range in size from 5 to 40 centimeters in diameter, and are composed of locally 
exposed Paleozoic rocks (Bohannon, 1983a; Beard et al., 2007).  The conglomerate is 
interpreted by Beard et al. (2007) to be older than 8 to 9 Ma and at least as old as 11.72 ± 
0.06 Ma (based on a tephra occurring near the base of the unit).  Bohannon (1983a) 
reports a thickness of 0 to 300 meters for the conglomerate. 
Thl Horse Spring Formation – Lovell Wash Member (Miocene) 
The youngest of four members of the Horse Spring Formation, the Lovell Wash 
Member predominantly consists of interbedded carbonate (limestone and dolomite), 
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siliciclastic (gray and white claystone and brown tuffaceous sandstone), and tephra beds 
(Bohannon, 1983a, 1984; Beard et al., 2007).  The unit is exposed at only a single 
locality, within the southwestern-most region of the map area.  The ages of exposures 
with the map area are undetermined, though the Lovell Wash Member is considered to 
range from 13 to 11.9 Ma (Bohannon, 1984).  The thickness of the Lovell Wash Member 
is stated to be as great as 450-500 meters (Bohannon, 1983a; Beard et al., 2007). 
Thr Horse Spring Formation – Rainbow Gardens Member (Upper Oligocene to 
Lower Miocene) 
The oldest of four members comprising the Horse Spring Formation, the Rainbow 
Gardens Member consists of (1) a basal conglomerate, (2) a middle lithofacies consisting 
of interbedded red and yellow sandstone, gypsiferous sandstone, and carbonate beds; and 
(3) an upper white to reddish white limestone (Bohannon 1983a, 1984; Beard et al., 
2007).  Only the basal conglomerate unit is exposed within the map area; cropping out 
along Overton Ridge, within the north-central region of the study area.  At Overton 
Ridge, the unit consists of interbedded conglomerate and sandstone (Rice, 1987).  Clasts 
compositions range from 42-56% limestone (predominantly containing Paleozoic fossils), 
21-44% dolomite, and 8-22% chert, with sandstone clasts comprising 0.5-4% of the total 
(Rice, 1987).  Sandstone samples are poorly sorted and angular, with grains typically 
consisting of 55-80% lithic carbonate fragments, 10-30% monocrystalline quartz, and 5-
15% chert (Rice, 1987).  Sedimentary structures include imbricated clasts and trough 
cross-laminated and ripple-laminated sandstone (Rice, 1987).  The Rainbow Gardens 
Member spans from less than 18.8 Ma to older than 26 Ma (Beard, 1996).  Within the 
map area, the unit is anticipated to be approximately 26 Ma, where it unconformably 
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overlies Cretaceous Baseline Sandstone (Kbr) and is unconformably overlain by the 
Muddy Creek Formation.  Total thickness of the Rainbow Gardens member is 
approximately 375 meters (Bohannon, 1983a). The basal conglomerate at Overton Ridge 
is up to approximately 100 meters thick.   
Mesozoic Rocks 
Baseline Sandstone (Upper? to Lower Cretaceous) 
The Baseline Sandstone consists of foreland basin deposits (sandstone and 
conglomerate) of the Sevier thrust belt (Beard et al., 2007).  Four members comprise the 
formation (Bohannon, 1983a).  The upper red sandstone member (Kbr) and Overton 
Conglomerate Member (Kbo) are coeval and intertongue in the northwestern region of 
the map area; deposited as a northward-coarsening facies assemblage (Bohannon, 1983a; 
Beard et al., 2007). The middle White Sandstone Member (Kbw) is also exposed in the 
northwestern region of the map area, underlying Kbr and conformably overlying the 
Willow Tank Formation (Kwt). The lower conglomerate member is absent from the 
section exposed within the map area. 
Kbr Baseline Sandstone – Red sandstone member (Upper? to Lower Cretaceous) 
Red and red-brown quartz arenite, cemented by limonite and hematite (Bohannon, 
1983a).  Sandstone is fine- to medium-grained, well-sorted, well-rounded, grain 
supported, poorly indurated, and was deposited in a fluvial environment (Bohannon, 
1983a; Beard et al., 2007).  Low-angle, large-scale trough cross-laminations are common; 
beds 20 to 50 centimeters thick (Bohannon, 1983a; Beard et al., 2007).  Intertongues 
(laterally) with the Overton Conglomerate Member (Kbo) to the north (Beard et al., 
2007).  Member thickness is approximately 600 meters (Bohannon, 1983a). 
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Kbo Baseline Sandstone – Overton Conglomerate Member (Upper? to Lower 
Cretaceous) 
Gray-brown conglomerate; clast-supported with sandy matrix (Bohannon, 1983a).  
Clasts are poorly  to moderately sorted, pebble to boulder size (mostly 1 centimeter to 
more than 1 meter diameter), coarse angular, and predominantly consist of locally 
derived Paleozoic and Mesozoic sandstone and carbonate rocks, with abundant clasts of 
petrified wood derived from the Chinle Formation (Bohannon, 1983a, 1992; Beard et al., 
2007).  Intertongues (laterally) with the red sandstone member (Kbr) to the south (Beard 
et al., 2007).  Member is greater than 400 meters thick (Bohannon, 1992). 
Kbw Baseline Sandstone – White sandstone member (Lower Cretaceous) 
White, pale-green, pale-purple, and pale-yellow quartz arenite (Bohannon, 1983a).  
Sandstone is medium-grained, well-sorted, rounded, poorly indurated, and was deposited 
in a fluvial environment (Bohannon, 1983a; Beard et al., 2007).  Low-angle, large-scale 
trough cross-laminations are common; beds are discontinuous, curved, and non-parallel 
(Bohannon, 1983a; Beard et al., 2007).  Thickness is approximately 500 meters 
(Bohannon, 1983a). 
Kwt Willow Tank Formation (Lower Cretaceous) 
Claystone, siltstone, shale, sandstone, bentonitic tuff, and conglomerate (Bohannon, 
1983a; Beard et al., 2007).  In the vicinity of the Valley of Fire, the formation includes a 
white to tan basal conglomerate that ranges in thickness from 5 to 35 meters but is 
typically approximately 5 meters thick (Bohannon, 1983a; Beard et al., 2007).  Basal 
conglomerate contains clasts of quartzite and chert and includes clasts reworked from the 
Shinarump Conglomerate Member of the Chinle Formation (Beard et al., 2007).  
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Interbedded claystone, white to tan siltstone, dark gray to black carbonaceous shale, and 
brown to yellow-brown sandstone (locally pebbly; containing 2 to 4 centimeter diameter 
clasts of chert, quartzite, and sandstone) occur throughout the section, above the basal 
conglomerate (Bohannon, 1983a; Beard et al., 2007). Tuff samples collected 
approximately 15 to 25 meters above the base of the formation yielded K-Ar ages of 96.4 
and 98.4 Ma (Fleck, 1970).  SHRIMP-RG U-Pb analysis of zircons from three ash beds 
within the formation yielded ages ranging from 101.6 ± 1 to 99.9 ± 2 Ma (Troyer et al., 
2006).  Thickness is approximately 150 meters (Bohannon, 1983a). 
Ja Aztec Sandstone (Lower Jurassic) 
Red-orange eolian quartz arenite with hematite cement (Bohannon, 1983a; Beard et 
al., 2007).  Quartz grains are medium-grained, well rounded and frosted, and well sorted 
(Bohannon, 1983a; Beard et al., 2007).  The formation predominantly displays large-
scale and high-angle cross-bedding, with discontinuous cross-laminated beds up to 4 
meters thick (Bohannon, 1983a; Beard et al., 2007).  The formation is up to 1,200 meters 
thick (Bohannon, 1983a). 
Jmk Moenave and Kayenta Formations, Undifferentiated (Lower Jurassic) 
(From Bohannon, 1983a) Gypsiferous sandstone and siltstone: brick-red, 
nonresistant, and poorly indurated. Even, parallel beds range from 5 to 1.5 meters thick. 
Thickness between 200 and 600 meters. 
c Chinle Formation (Upper Triassic) 
Siltstone, sandstone, conglomerate, and lesser limestone that are divided into two 
members (not mapped separately): (1) lower Shinarump Conglomerate Member and (2) 
upper Petrified Forest Member (Bohannon, 1983a; Beard et al., 2007).  Shinarump 
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Conglomerate Member consists of: (1) lower gray and gray-brown limestone, arenaceous 
limestone, and pebbly limestone beds that are parallel-bedded and 10 centimeters thick 
and (2) upper brown and buff conglomerate and buff sandstone that typically form wavy, 
nonparallel 50 centimeter-thick beds (Bohannon, 1983a).  Clasts within the Shinarump 
Conglomerate Member are well-rounded to rounded, typically pebble-size, and 
predominantly consist of chert and quartzite, with lesser carbonate clasts (Beard et al., 
2007).  Petrified Forest Member consists of interbedded chocolate-brown, pale-purple, 
gray, and pale-red sandstone and siltstone and white to light-gray claystone, occurring as 
discontinuous, wavy, nonparallel beds that are typically 10 to 15 centimeters thick 
(Bohannon, 1983a; Beard et al., 2007).  Petrified wood fragments commonly occur 
throughout the formation (Bohannon, 1983a).  Formation is approximately 250 meters 
thick (Beard et al., 2007). 
m Moenkopi Formation (Middle? and Lower Triassic) 
Mudstone, siltstone, sandstone, conglomerate, gypsum, gypsiferous siltstone, 
limestone, and dolomite (Bohannon, 1983a; Beard et al., 2007); divided into six members 
by Reif and Slatt (1979).  The members, from lower to upper, consist of: (1) Timpoweap 
Member – upward fining sequence of basal conglomerate, conglomeratic sandstone, fine-
grained sandstone, and siltstone, with limestone at some localities; (2) Lower red member 
– red mudstone and grayish red siltstone with thin gypsum and limestone interbeds and 
common gypsum veins, slope-forming; (3) Virgin Limestone Member – light-gray and 
yellow marine limestone, resistant and commonly containing crinoids, pelecypods, 
gastropods, crustaceans, and ooids; (4) Middle red member – red mudstone, siltstone, 
carbonate rocks, and gypsum, typically only 5 meters thick or not present in the section; 
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(5) Shnabkaib Member – interbedded pale-gray to white gypsum, gray limestone, and 
siltstone; and (6) Upper red member – red to brown siltstone and sandstone, slightly 
gypsiferous and non-resistant (Bohannon, 1983a; Beard et al., 2007).  Formation is 
approximately 600 to 650 meters thick (Bohannon, 1983a; Beard et al., 2007).   
Paleozoic Rocks 
PMb Bird Spring Formation (Lower Permian to Upper Mississippian) 
Gray to light-gray limestone with interbedded cherty limestone and quartz-rich 
sandstone (Bohannon, 1983a; Beard et al., 2007).  Limestone beds are 0.5 to 3 meters 
thick and are alternately resistant and non-resistant, resulting in a bench-and-step 
weathering pattern (Bohannon, 1983a).  Formation is highly fossiliferous; containing 
fusulinids, ostracodes, brachiopods, bryozoans, corals, gastropods, pelecypods, and 
sponges (Beard et al., 2007).  Formation is at least 500 meters thick in the map area 
(Bohannon, 1983a). 
Mm Monte Cristo Limestone (Upper and Lower Mississippian) 
Medium-gray limestone with some brown cherty limestone zones (Bohannon, 1983a; 
Beard et al., 2007); parallel beds, 15 centimeters to several meters thick (Bohannon, 
1983a); divided into four members, as described by Hewett (1931).  The members, from 
lower to upper, consist of: (1) Dawn Member – light-gray limestone, resistant with sparse 
fossils; (2) Anchor Member – gray limestone with interbedded discontinuous cherty 
zones, resistant; (3) Bullion Member – light-gray limestone, poorly bedded and resistant; 
and (4) Yellowpine Member – cherty limestone, resistant (Bohannon, 1983a; Beard et al., 
2007).  Bohannon (1983a) states that the Arrowhead Member of Hewett (1931) may also 
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be present between the Bullion and Yellowpine Members, but that it cannot be 
consistently defined.  Formation thickness is 250 to 300 meters (Bohannon, 1983a). 
MDs Sultan Limestone (Mississippian and Devonian) 
Limestone and minor dolomite; divided into three members (Bohannon, 1983a; Beard 
et al., 2007). The members, from lower to upper, consist of: (1) Ironside Member – dark-
gray to brown limestone, resistant and containing stromatoporids, including Amphipora; 
(2) Valentine Member – fossiliferous medium-gray limestone, medium- to thick-bedded 
and resistant; and (3) Crystal Pass Member – fossiliferous light-gray limestone, medium- 
to thick-bedded and resistant (Bohannon, 1983a; Beard et al., 2007).  Formation is 
approximately 190 meters thick (Beard et al., 2007). 
Op Pogonip Formation (Lower Ordovician) 
Previously mapped as the Monocline Valley Formation by Bohannon (1983a), as 
defined by Longwell and Mound (1967).  Beard et al. (2007) reinterpreted the unit to be 
the Pogonip Formation based on conodont correlations.  Upper 35 meters of the 
formation consists of light- to medium-gray, thick-bedded dolomite that is underlain by 
14 meters of impure and weakly resistant brown dolomite (Bohannon, 1983a; Beard et 
al., 2007).  Underlying the impure dolomite is approximately 170 meters of gray, thin- to 
medium-bedded dolomite containing layers and lenses of brown-weathering chert (Beard 
et al., 2007).  The lower 25 meters of the formation consists of yellowish to yellow-
brown silty dolomite (Beard et al., 2007; Bohannon, 1983a).  Formation is approximately 
220 meters thick (Bohannon, 1983a). 
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n Nopah Formation (Upper Cambrian) 
Previously mapped as the Buffington Formation by Bohannon (1983a), as defined by 
Longwell and Mound (1967).  Beard et al. (2007) reinterpreted the unit to be the Nopah 
Formation based on stratigraphic position and description.  Light- to medium-gray 
dolomite; medium- to thick-bedded with differential weathering of beds (Bohannon, 
1983a; Beard et al., 2007).  Dunderberg Shale Member (d) is mapped separately.  
Formation is approximately 150 meters thick (Bohannon, 1983a). 
d Dunderberg Shale Member of Nopah Formation (Upper Cambrian) 
Yellow-brown to yellow-gray dolomitic sandstone, sandy dolomite, and dolomite 
(Bohannon, 1983a).  Non-resistant to moderately resistant beds, where resistance 
decreases with increasing sand content (Bohannon, 1983a).  Member is approximately 40 
meters thick (Bohannon, 1983a). 
bk Bonanza King Formation (Upper and Middle Cambrian) 
Black to light-gray dolomite; thin- to medium-bedded; alternating light- and dark-
gray colors present a banded appearance (Bohannon, 1983a; Beard et al., 2007).  
Descriptions from Bohannon (1983a) and Beard et al. (2007) indicate that exposures 
within the map area belong to the Banded Mountain Member of the Bonanza King 
Formation.  Thickness is at least 300 meters (Bohannon, 1983a). 
CONCLUSIONS 
Detailed geologic mapping allowed for identification of three informal members of 
the MCF (Tmcu, Tmcl, and Tmcc) within the Valley of Fire East Quadrangle and 
recognition of structural features related to the Lake Mead fault system that affect the 
MCF.  Identification of the three informal members of the MCF in the map area, along 
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with two additional MCF members identified to the east and northeast of the quadrangle 
(Plate 2.1; Chapter 2, this volume), provided the basis for developing the local MCF 
stratigraphy and depositional history included in Chapters 2 and 3 (this volume).   
Northeast-striking normal faults that cut the MCF are interpreted as a normal step-
over that kinematically links the Rogers Spring fault (in the southwest portion of the map 
area) with the Hen Spring fault (located to the northeast of the Valley of Fire East 
Quadrangle).  Recognition of this step-over structure within the Lake Mead fault system, 
accompanied with local MCF stratigraphy, was important in the development of a local 
syn-tectonic depositional model for the MCF (Chapter 2, this volume). 
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EXHIBITS 
TABLES, FIGURES, AND PLATES 
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Table 2.2.  Detrital K-feldspar ages from sample TMSS001 and their 
potential sources. 
Age (Ma) Potential Source* 
7.09 ± 0.20 Timber Mountain Caldera Complex 
14.89 ± 0.12 Caliente Caldera Complex, Kane Springs Wash, or Timber Mountain Caldera Complex 
18.77 ± 0.16 Caliente Caldera Complex or Marysvale Volcanic Field 
20.23 ± 0.47 Pine Valley Mountains 
20.54 ± 0.18 Pine Valley Mountains 
20.91 ± 0.17 Pine Valley Mountains (?) 
22.44 ± 0.20 Caliente Caldera Complex, Pine Valley Mountains, or Marysvale Volcanic Field 
227.76 ± 1.44 Undetermined 
1317.78 ± 9.02 Undetermined 
* Age data used to evaluate potential source areas  are from Christiansen et al. (1977), Novak 
(1984), Novak and Mahood (1986), Best et al. (1994), Rowley et al. (1994), Gromme et al. 
(1997), and Hacker et al. (2007). 
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Table 3.2.  Detrital zircon samples from the Colorado Plateau. 
Sample Number Sample Unit 
From Dickinson and Gehrels (2003) 
Cedar Mesa  Cedar Mesa Member of Cutler Formation 
Coconino  Coconino Formation 
Wingate  Wingate Sandstone of Glen Canyon Group 
Navajo Navajo Sandstone of Glen Canyon Group 
Entrada Entrada Sandstone of San Rafael Group 
 
From Dickinson and Gehrels (2008) 
CP9 Upper sandstone member of Toreva Formation 
CP13 Westwater Canyon Member of Morrison Formation 
CP14 Burro Canyon Formation 
CP19 Salt Wash Member of Morrison Formation 
CP21 Westwater Canyon Member of Morrison Formation 
CP22 Menefee Formation of Mesaverde Group 
CP23 Gallup Sandstone Member of Mancos Shale 
CP25 Recapture Member of Morrison Formation 
CP27 Burro Canyon Formation 
CP29 Salt Wash Member of Morrison Formation 
CP32 Buckhorn Conglomerate Member of Cedar Mountain Formation 
CP33 Ferron Sandstone Member of Mancos Shale 
CP34 Castlegate Sandstone of Mesaverde Group 
CP35 Salt Wash Member of Morrison Formation 
CP36 Salt Wash Member of Morrison Formation 
CP39 Upper Member of Wahweap Formation 
CP40 Capping Member of Wahweap Formation 
CP41 Tidwell Member of Morrison Formation 
CP49 Salt Wash Member of Morrison Formation 
CP52 Fiftymile Member of Morrison Formation 
CP53 Jackpile Sandstone Member of Morrison Formation 
 
From Dickinson and Gehrels (2009) 
Wingate (Jwnw) Wingate Sandstone of Glen Canyon Group 
Navajo (Jnnw) Navajo Sandstone of Glen Canyon Group 
Entrada (Jenw) Entrada Sandstone of San Rafael Group 
Dolores (DOL) Kayenta Formation of Glen Canyon Group 
CP1 Kayenta Formation of Glen Canyon Group 
CP3 Nugget Sandstone of Glen Canyon Group 
CP10 Kayenta Formation of Glen Canyon Group 
CP12 Page Sandstone of San Rafael Group 
CP15 Bluff Sandstone of San Rafael Group 
CP16 Entrada Sandstone of San Rafael Group 
CP24 Entrada Sandstone of San Rafael Group 
CP30 Aztec Sandstone of Glen Canyon Group 
CP31 "Black Ledge" sandstone at base of Glen Canyon Group 
CP37 Springdale Sandstone Member of Moenave Formation 
CP43 Curtis Formation of San Rafael Group 
CP45 Curtis Formation of San Rafael Group 
CP54 Bluff Sandstone of San Rafael Group 
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Table 3.3.  Detrital zircon populations and probable source terranes for 
Permian to Triassic units exposed on the Colorado Plateau. 
Age Range 
(Ma) 
Percentage of 
Grains (%) Probable Source Terrane 
181-241 Trace Cordilleran magmatic arc 
1000-1315 
50 
Grenville 
500-750  Pan-African (Appalachian sources) 
310-500 Appalachian 
1335-1470 
25 
Mesoproterozoic (ancestral Rockies) 
1615-1800 Paleoproterozoic (ancestral Rockies) 
1800-2200 
25 
Paleoproterozoic (Laurentian craton) 
2580-3015 Archean (Laurentian craton) 
   Notes:  
   Populations defined by peak ages, which consist of three or more statistically defined grains. 
   Data are from Dickinson and Gehrels (2003). 
 
 
Table 3.4.  Detrital zircon populations and probable source terranes for Triassic eolianites 
exposed on the Colorado Plateau. 
Age Range 
(Ma) 
Peak Age 
(Ma) 
Percentage of 
Grains (%) Probable Source Terrane 
<285 -- Trace Cordilleran magmatic arc 
285-504 420 15 Paleozoic (Appalachian sources) 
513-723 615 11 Neoproterozoic (Appalachian sources) 
746-872 -- 1 Unknown-indeterminate 
913-1295 1055 40 Grenville (Mesoproterozoic Grenville orogen) 
1304-1532 1465 8 Anorogenic (Mesoproterozoic craton) 
1546-1803 1675 8 Yavapai-Mazatzal (southwest Laurentia) 
1811-2013 1855 6 Paleoproterozoic (cratonal suture belts) 
2039-2326 2095 2 Wopmay orogen (northwest Laurentia) 
2423-3196 2760 9 Archean (Laurentian cratonic nucleus) 
   Notes:  
   Populations defined by peak ages, which consist of three or more statistically defined grains. 
   Data are from Dickinson and Gehrels (2009). 
   -- = Not Applicable. 
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Table 3.6.  Detrital zircon age populations from the Muddy Creek Formation member 
Tmcu1. 
TMSS003 TMSS002 TMSS001 
G
R
O
U
P
 A
G
E 
M
IN
 (M
a)
 
G
R
O
U
P
 A
G
E 
M
AX
 (M
a)
 
G
R
A
IN
S 
(n
) 
G
R
O
U
P
 A
G
E 
M
IN
 (M
a)
 
G
R
O
U
P
 A
G
E 
M
AX
 (M
a)
 
G
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(n
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P
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G
E 
M
IN
 (M
a)
 
G
R
O
U
P
 A
G
E 
M
AX
 (M
a)
 
G
R
A
IN
S 
(n
) 
16 22 15 17 20 4 17 20 3 
87 99 4 94 97 3 218 225 2 
170 181 5 981 1154 22 415 429 4 
960 1084 12 1161 1182 1 959 1208 23 
1086 1122 2 1321 1347 2 1491 1523 3 
1143 1191 3 1385 1410 1 1629 1755 16 
1292 1581 16 1416 1445 2 1833 1849 2 
1630 1734 13 1643 1696 4    
   1702 1711 1    
   1749 1804 3    
 
 
Table 3.7.  Detrital zircon age populations from the Muddy Creek Formation member 
Tmcu2. 
TMSS009 TMSS008 TMSS012 TMSS011 
G
R
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U
P
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E 
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 (M
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a)
 
G
R
O
U
P
 A
G
E 
M
AX
 (M
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G
R
A
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S 
(n
) 
17 22 15 16 23 10 16 23 13 218 221 1 
591 654 5 92 104 7 587 611 3 375 381 2 
1011 1086 5 213 242 6 997 1136 18 965 1044 10 
1198 1228 1 372 395 3 1159 1256 7 1060 1132 6 
1398 1437 1 945 1186 18 1394 1469 7 1249 1385 8 
1641 1825 8 1206 1266 3 1619 1713 7 1390 1493 10 
   1357 1465 4 1721 1843 6 1569 1751 21 
   1629 1833 13       
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Table 3.8.  Detrital zircon age populations from the Muddy Creek Formation members 
Tmcu3 and Tmcl and Pleistocene-Pliocene(?) alluvium. 
TMSS005 (Tmcu3) TMSS004 (Tmcl) TMSS013 (alluvium) 
G
R
O
U
P
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G
E 
M
IN
 (M
a)
 
G
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O
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M
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G
R
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S 
(n
) 
18 21 3 1008 1216 21 11 14 3 
97 101 3 1231 1263 2 421 437 4 
600 628 4 1331 1469 9 964 1315 26 
988 1043 5 1593 1851 13 1320 1441 8 
1099 1232 8 2014 2064 2 1625 1725 7 
1379 1467 4 2685 2748 2    
1488 1829 21       
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Table 3.11.  Basin and Range volcanic centers potentially contributing zircons 
to the Muddy Creek Formation (MCF) and Pliocene-Pleistocene(?) alluvium 
(TMSS013). 
Sample Volcanic Center Potentially Contributing Zircons 
TMSS001 Central Nevada caldera complex, Caliente Caldera Complex, Marysvale volcanic field 
TMSS002 Timber Mountain caldera complex, Central Nevada caldera complex, Kane Spring Wash caldera, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS003 Central Nevada caldera complex, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS004 Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS005 Timber Mountain caldera complex, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS008 Central Nevada caldera complex, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS009 Timber Mountain caldera complex, Central Nevada caldera complex, Caliente Caldera Complex, Indian Peak caldera complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS011 Central Nevada caldera complex, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS012 Timber Mountain caldera complex, Central Nevada caldera complex, Kane Spring Wash caldera, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
TMSS013 Timber Mountain caldera complex, Central Nevada caldera complex, Caliente Caldera Complex, Pine Valley Mountains, Marysvale volcanic field 
Note: Volcanic unit ages used to identify potential sources for zircons are from Christiansen et al. (1977), 
Novak (1984), Novak and Mahood (1986), Best et al. (1994), Rowley et al. (1994), Gromme et al. (1997), 
and Hacker et al. (2007). 
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(A) = Reworked tuff: maximum depositional age < 7.09 ± 0.20 Ma (detrital K-feldspar 
40Ar/39Ar; Chapter 2, this volume).
(B) = Basalt Flows: 6.15 and 6.6 Ma (preliminary 40Ar/39Ar isochron ages; Beard et al., 
2007);  6.02 ± 0.39 Ma (plagioclase K-Ar; Feuerbach et al., 1991).
(C) = Tuff: 6.62 ± 0.03 Ma (tephrochronology; Chapter 2, this volume).
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Tmcu3 = Upper sandstone and siltstone member.
Tmcc = Lower coarse-grained member (exact stratigraphic position uncertain).
Tmcl = Lower siltstone, sandstone, and gypsiferous siltstone member.
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Figure 1.1.  Simplified stratigraphic columns for the Muddy Creek 
Formation in the vicinity of the northern Overton Arm of Lake Mead.
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Figure 2.1.  Simplified geologic map for the Lake Mead region showing exposures of the 
Muddy Creek Formation and study area location. Modified from Longwell et al. (1965), 
Bohannon (1984), Dubendorfer et al. (1998), Richards et al. (2000), Langenheim et al. 
(2001), Lamb et al. (2005), and Willis (2005).
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Figure 2.2.  Simplified structural map for the Lake Mead region, southern Nevada and 
northwestern Arizona. Modified from Longwell et al. (1965), Beard (1996), and 
Dubendorfer et al. (1998).
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Figure 2.3.  Simplified geologic map for the Lake Mead region, southern Nevada, 
northwestern Arizona, and southwestern Utah. Modified from Longwell et al. (1965), 
Bohannon (1984), Dubendorfer et al. (1998), Richards et al. (2000), Langenheim et al. 
(2001), Lamb et al. (2005), and Willis (2005).
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Figure 2.5.  Simplified geologic map for the Lake Mead region, showing the locations of 
the Virgin River depression and Overton Arm basin. Modified from Longwell et al. 
(1965), Bohannon (1984), Dubendorfer et al. (1998), Richards et al. (2000), Langenheim 
et al. (2001), Lamb et al. (2005), and Willis (2005).
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Figure 2.8.  Simplified geologic map showing Muddy Creek Formation (MCF) members 
and sample locations, northern Overton Arm region. RSF = Rogers Spring Fault; HSF = 
Hen Spring Fault.  Shaded relief map base is from USGS.
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Figure 2.9.  Distribution of Late Cenozoic silicic volcanic centers in the Basin and Range 
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Notes:
(A) = Reworked tuff: maximum depositional age < 7.09 ± 0.20 Ma (detrital K-feldspar 
40Ar/39Ar; Chapter 2, this volume).
(B) = Basalt Flows: 6.15 and 6.6 Ma (preliminary 40Ar/39Ar isochron ages; Beard et al., 
2007);  6.02 ± 0.39 Ma (plagioclase K-Ar; Feuerbach et al., 1991).
(C) = Tuff: 6.62 ± 0.03 Ma (tephrochronology; Chapter 2, this volume).
Tmcu1 = Upper sandstone, siltstone, and conglomerate member.
Tmcu2 = Upper conglomerate and sandstone member.
Tmcu3 = Upper sandstone and siltstone member.
Tmcc = Lower coarse-grained member (exact stratigraphic position uncertain).
Tmcl = Lower siltstone, sandstone, and gypsiferous siltstone member.
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Figure 2.10.  Simplified stratigraphic columns for the Muddy Creek 
Formation in the vicinity of the northern Overton Arm of Lake Mead.
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Figure 2.12.  Equal area (lower hemisphere) stereonet plots of MCF strata showing 
bedding orientations above and below the MCF intra-formational unconformity and 
folding of the MCF and stereonet plot of faults cutting the MCF.  Data were plotted using 
the software OSXStereonet, developed by Nestor Cardozo and Richard Allmendinger.
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Figure 2.13.  Photographs showing faults cutting the Muddy Creek Formation south of 
Mormon Mesa. A) Fault plane oriented 165/55E, placing Tmcu2 in contact with Tmcl 
(view facing northeast); B) Fault plane oriented 052/86NW, placing Tmcu2 in contact 
with Tmcl and Tmcu1 (view facing southwest).
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Figure 2.16.  Photograph showing angular unconformity within the Muddy Creek 
Formation, between the Tmcl and Tmcu1 members at the southern end of Mormon Mesa: 
A) without unconformity and bedding orientations superimposed; B) showing 
unconformity (solid line) and bedding orientations (dashed lines).  View is facing 
approximately 290 degrees.
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Figure 3.1.  Simplified geologic map for the Lake Mead region showing exposures of the 
Muddy Creek Formation and study area location. Modified from Longwell et al. (1965), 
Bohannon (1984), Dubendorfer et al. (1998), Richards et al. (2000), Langenheim et al. 
(2001), Lamb et al. (2005), and Willis (2005).
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Figure 3.2.  Simplified geologic map for the Lake Mead region, southern Nevada, 
northwestern Arizona, and southwestern Utah. Modified from Longwell et al. (1965), 
Bohannon (1984), Dubendorfer et al. (1998), Richards et al. (2000), Langenheim et al. 
(2001), Lamb et al. (2005), and Willis (2005).
Lake 
Mead
Mesquite
Ov
er
to
n A
rm
Vir
gin
 Va
lle
y
117
TMASH001
TMSS001
TMSS002
TMSS003
TMSS004
TMSS005TMCGL001
TMCGL002
TMASH003
TMASH004
TMSS009
TMCGL004
TMSS006
TMSS007
TMSS008
TMCGL003
TMASH005
TMASH006
TMSS010
TMSS011
TMCGL009
TMSS012
TMCGL010
TMCGL005
TMCGL007
TMCGL006
TMSS013
TMCGL011
TMCGL013
TMCGL012
TMCGL008
Tmcu1
Tmcc
Trs
Th
Qa
K

J
Xu
Tmcu2
Tmcu3
Tmcl
Tb
Kilometers
0 3
North
CA
UT
AZ
NV
Pleistocene-Pliocene(?) sample
MCF sample
Fault: dashed where approximate, 
dotted where concealed
Fault: normal, ball on downthrown side
Fault: strike-slip, arrows indicate motion
NOTE: Pleistocene-Pliocene(?) alluvial cover is 
ommitted from this map.
Late Neogene MCF; lower coarse- grained member
Neogene Red sandstone unit
Miocene-Oligocene Horse Spring 
Formation
Quaternary Alluvium
Paleozoic sedimentary rocks
Early Proterozoic gneiss and schist
Cretaceous sedimentary rocks
Jurassic and Triassic sedimentary rocks
Late Neogene MCF; upper sandstone, siltstone, and conglomerate 
member
Late Neogene MCF; lower sandstone, siltstone, and gypsiferous 
siltstone member
Late Neogene MCF; upper conglomerate and sandstone member
Late Neogene MCF; upper sandstone and siltstone member
Late Neogene basalt flows interbedded with the MCF
Tmcu1
Tmcu2
Tb
Trs
Th
Qa
K

J
Xu
Qa
Tm
cu
1
Tmcl
Tmcl
Tmcl
Tmcu3
Trs
K Tmcl
J
RS
F
HS
F
Lake 
Mead
Area Not Mapped
Tmcu3
Tmcu2
Tb
Tb
Tb
Tmcl
Tmcc
Tmcu3
Tmcu2
TmclJ
Trs
Trs
Trs
M
uddy River
Vi
rg
in
 R
iv
er
Figure 3.3.  Simplified geologic map showing Muddy Creek Formation (MCF) members 
and sample locations, northern Overton Arm region. RSF = Rogers Spring Fault; HSF = 
Hen Spring Fault.  Shaded relief map base is from USGS.
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Figure 3.4.  Simplified stratigraphic columns for the Muddy Creek 
Formation in the vicinity of the northern Overton Arm of Lake Mead.
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Figure 3.5.  Colorado River drainage area map and the Colorado Plateau. Modified from 
the Colorado River Basin Map (available from the Glen Canyon Dam Adaptive 
Management Program website; http://www.gcdamp.gov/aboutamp/crb.html) and Faulds 
et al. (2001).
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Figure 3.6.  Map showing proposed routes of the pre-5.5 to 4.5 Ma ancestral Colorado 
River system. Dashed line marks the boundary between the Colorado Plateau and Basin 
and Range.  Modified from Pederson et al. (2008).  Base image is from USGS.
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Figure 3.7.  Map showing proposed MCF sediment sources of Pedersen (2008), including 
the Caliente caldera complex, Kane Springs caldera, and paleo-Virgin River. Dashed line 
marks the boundary between the Colorado Plateau and Basin and Range.  Modified from 
Pederson et al. (2008).  Base image is from USGS.
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Figure 3.8.  Distribution of Late Cenozoic silicic volcanic centers in the Basin and Range 
and vicinity. Modified from Christiansen et al. (1977), Best et al. (1994), and Hacker et 
al. (2007).  Volcanic center ages are from Christiansen et al. (1977), Novak (1984), 
Novak and Mahood (1986), Best et al. (1994), Gromme et al. (1997), Rowley et al. 
(1994), and Hacker et al. (2007).
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Figure 3.11.  Simplified stratigraphic columns for the Muddy Creek Formation in the 
vicinity of the northern Overton Arm of Lake Mead, showing relative stratigraphic 
positions of detrital zircon, sandstone (petrography), conglomerate (petrology), and 
tephra samples.
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Figure 3.12.  Normalized probability plots of 0-35 Ma and greater than 35 Ma detrital 
zircon grains from the Muddy Creek Formation (MCF) and Pleistocene-Pliocene(?) 
alluvium (TMSS013). N = number of zircon grains analyzed from each sample.
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Figure 3.13.  QFL and QmFLt plots of sandstone samples from the Muddy Creek 
Formation and Pleistocene-Pliocene(?) alluvium in the vicinity of the northern Overton 
Arm of Lake Mead, Nevada.  Ternary plots are following Dickinson et al. (1983).
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Figure 3.15.  Results of conglomerate clast petrology for the Muddy Creek Formation 
(MCF) and Pleistocene-Pliocene(?) alluvial deposits, northern Overton Arm region. RSF 
= Rogers Spring Fault; HSF = Hen Spring Fault.  Shaded relief map base is from USGS.
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Figure 3.16.  Upper Muddy Creek Formation (MCF) conglomerate clast compositions 
from the Overton Arm region and from Forrester (2010).  Map base image is from the 
USGS.
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Figure 3.17.  QFL and QmFLt plots of sandstone samples from the Muddy Creek 
Formation and Pleistocene-Pliocene(?) alluvium, Overton Arm and Virgin Valley regions; 
from the modern Colorado and Virgin Rivers; and from Colorado Plateau units.  Ternary 
plots are following Dickinson et al. (1983).
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Figure 3.18.  Histogram plots (bin = 20 Ma) of detrital zircon grains from the Muddy 
Creek Formation  and Pleistocene-Pliocene(?) alluvium (TMSS013). N = number of 
zircon grains analyzed from each sample.
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Figure 3.19.  Normalized probability plots of 0-35 Ma and greater than 35 Ma detrital 
zircon grains from the Muddy Creek Formation (MCF) and Pleistocene-Pliocene(?) 
alluvium (TMSS013), showing probable initial source terranes.  Greater than 35 Ma 
sources following terrane and age data from Dickinson and Gehrels (2003, 2009);  0-35 
Ma sources following age data from Christiansen et al. (1977), Novak (1984), Novak and 
Mahood (1986), Best et al. (1994), Rowley et al. (1994), Gromme et al. (1997), and 
Hacker et al. (2007). N = number of zircon grains analyzed from each sample.
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Figure 3.20.  Stratigraphic trends in detrital zircon ages from the Muddy Creek Formation 
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Plate 2.1a.  Geologic Map of the northern Overton Arm area, Clark County, Nevada: 
assembly map for Sections A-1 through E-4 (Plate 2.1b through Plate 2.1u).
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Plate 2.1b.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section A-1.  See Plate 2.1a for section location.
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Plate 2.1c.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section A-2.  See Plate 2.1a for section location.
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Plate 2.1d.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section A-3.  See Plate 2.1a for section location.
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Plate 2.1e.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section A-4.  See Plate 2.1a for section location.
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Plate 2.1f.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section B-1.  See Plate 2.1a for section location.
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Plate 2.1g.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section B-2.  See Plate 2.1a for section location.
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Plate 2.1h.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section B-3.  See Plate 2.1a for section location.
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Plate 2.1i.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section B-4.  See Plate 2.1a for section location.
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Plate 2.1j.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section C-1.  See Plate 2.1a for section location.
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Plate 2.1k.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section C-2.  See Plate 2.1a for section location.
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Plate 2.1l.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section C-3.  See Plate 2.1a for section location.
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Plate 2.1m.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section C-4.  See Plate 2.1a for section location.
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Plate 2.1n.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section D-1.  See Plate 2.1a for section location.
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Plate 2.1o.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section D-2.  See Plate 2.1a for section location.
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Plate 2.1p.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section D-3.  See Plate 2.1a for section location.
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Plate 2.1q.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section D-4.  See Plate 2.1a for section location.
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Plate 2.1r.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section E-1.  See Plate 2.1a for section location.
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Plate 2.1s.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section E-2.  See Plate 2.1a for section location.
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Plate 2.1t.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section E-3.  See Plate 2.1a for section location.
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Plate 2.1u.  Geologic map of the northern Overton Arm area, Clark County, Nevada: 
Section E-4.  See Plate 2.1a for section location.
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Plate 4.1a.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: assembly map for Sections A-1 through E-4 (Plate 4.1b through Plate 
4.1u).
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Plate 4.1b.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section A-1.  See Plate 4.1a for section location.
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Plate 4.1c.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section A-2.  See Plate 4.1a for section location.
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Plate 4.1d.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section A-3.  See Plate 4.1a for section location.
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Plate 4.1e.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section A-4.  See Plate 4.1a for section location.
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Plate 4.1f.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section B-1.  See Plate 4.1a for section location.
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Plate 4.1g.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section B-2.  See Plate 4.1a for section location.
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Plate 4.1h.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section B-3.  See Plate 4.1a for section location.
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Plate 4.1i.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section B-4.  See Plate 4.1a for section location.
166
Plate 4.1j.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section C-1.  See Plate 4.1a for section location.
167
Plate 4.1k.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section C-2.  See Plate 4.1a for section location.
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Plate 4.1l.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section C-3.  See Plate 4.1a for section location.
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Plate 4.1m.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section C-4.  See Plate 4.1a for section location.
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Plate 4.1n.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section D-1.  See Plate 4.1a for section location.
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Plate 4.1o.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section D-2.  See Plate 4.1a for section location.
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Plate 4.1p.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section D-3.  See Plate 4.1a for section location.
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Plate 4.1q.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section D-4.  See Plate 4.1a for section location.
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Plate 4.1r.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section E-1.  See Plate 4.1a for section location.
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Plate 4.1s.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section E-2.  See Plate 4.1a for section location.
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Plate 4.1t.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section E-3.  See Plate 4.1a for section location.
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Plate 4.1u.  Preliminary Geologic Map of the Valley of Fire East Quadrangle, Clark 
County, Nevada: Section E-4.  See Plate 4.1a for section location.
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APPENDIX I 
GEOCHRONOLOGY DATA 
Included below are the sample location and analysis data for tephra samples 
TMASH001 (40Ar/39Ar analysis) and TMASH003 (tephrochronology analysis).  
 
Table of geochronology sample locations. 
Sample Number Easting Nothing Unit 
TMASH001 11S0738155 4041385 Tmcu3 
TMASH003 11S0732426 4035615 Tmcl 
 
Notes: 
Sample locations are referenced to the Universal Transverse Mercator (UTM), zone 11, North 
American Datum 1983 (NAD83). 
Tmcu3 = Muddy Creek Formation – upper sandstone and siltstone member. 
 
 
 
 
Cumulative probability plot of K-feldspar 40Ar/39Ar ages from sample TMASH001. 
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APPENDIX II 
U/Pb DETRITAL ZIRCON DATA 
Included below are sample location data, U/Pb concordia diagrams, probability 
density plots, and isotope ratios and apparent age tables for each detrital zircon sample 
analyzed as part of this study. 
 
Table of detrital zircon sample locations. 
Sample Number Easting Nothing Unit 
TMSS001 11S0735250 4043416 Tmcu1 
TMSS002 11S0735399 4043179 Tmcu1 
TMSS003 11S0735511 4043366 Tmcu1 
TMSS004 11S0736209 4042360 Tmcl 
TMSS005 11S0738214 4041466 Tmcu3 
TMSS008 11S0740899 4042378 Tmcu2 
TMSS009 11S0739934 4041398 Tmcu2 
TMSS010 11S0733357 4032052 Tmcl 
TMSS011 11S0736349 4036543 Tmcu2 
TMSS012 11S0734354 4035877 Tmcu2 
TMSS013 11S0732426 4035615 Qoa2 
Notes: 
Sample locations are referenced to the Universal Transverse Mercator (UTM), zone 11, North 
American Datum 1983 (NAD83). 
Tmcu1 = MCF: Upper sandstone, siltstone, and conglomerate member 
Tmcu2 = MCF: Upper conglomerate and sandstone member 
Tmcu3 = MCF: Upper sandstone and siltstone member 
Tmcl = MCF: Lower siltstone, sandstone, and gypsiferous siltstone member 
Qoa2 = Pleistocene-Pliocene(?) alluvium 
MCF = Muddy Creek Formation 
 
 
SAMPLE TMSS001 
Isotope Ratios: Sample TMSS001, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
TMS001-1 331 24346 2.0 18.8484 2.3 0.3911 2.7 0.0535 1.3 0.49 
TMS001-10 44 13050 2.4 11.7957 1.9 2.5974 2.0 0.2222 0.4 0.20 
TMS001-100 38 11610 2.4 9.6026 1.1 4.3392 1.5 0.3022 1.1 0.72 
TMS001-11 276 1088 0.7 29.5536 21.3 0.0140 21.3 0.0030 1.3 0.06 
TMS001-12 78 6127 1.6 18.9575 7.1 0.5075 7.1 0.0698 1.1 0.15 
TMS001-13 221 6516 1.2 24.6810 9.2 0.1372 9.2 0.0246 1.0 0.11 
TMS001-15 58 13241 1.1 13.4077 2.2 1.8656 2.4 0.1814 1.0 0.40 
183 
Isotope Ratios: Sample TMSS001, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
TMS001-16 96 40792 1.5 9.2823 0.7 4.5521 2.5 0.3065 2.4 0.97 
TMS001-17 58 13864 0.6 5.5028 0.5 10.0720 2.9 0.4020 2.9 0.98 
TMS001-18 264 40116 2.2 9.6570 0.4 4.1677 1.0 0.2919 0.9 0.93 
TMS001-19 288 63898 2.6 10.5976 0.3 3.3799 0.5 0.2598 0.4 0.74 
TMS001-2 122 25133 2.5 11.4388 0.7 2.8435 0.9 0.2359 0.5 0.60 
TMS001-21 150 37145 1.8 10.0922 0.5 3.7041 1.8 0.2711 1.7 0.96 
TMS001-22 116 30953 1.0 9.8627 0.4 4.0417 0.8 0.2891 0.7 0.85 
TMS001-23 345 19032 0.9 16.8231 1.2 0.7851 1.6 0.0958 1.1 0.66 
TMS001-24 119 8190 1.0 17.7120 4.1 0.5856 4.2 0.0752 0.5 0.11 
TMS001-25 744 46588 2.1 9.4856 0.3 4.0509 0.5 0.2787 0.4 0.87 
TMS001-26 80 19244 1.8 13.1460 1.9 1.9727 2.1 0.1881 1.0 0.46 
TMS001-27 196 8468 3.9 18.2327 2.9 0.4376 3.0 0.0579 0.5 0.18 
TMS001-28 114 23570 1.7 13.4432 1.3 1.8809 1.4 0.1834 0.4 0.31 
TMS001-29 132 28846 1.8 13.5980 1.3 1.7290 1.3 0.1705 0.4 0.30 
TMS001-3 52 15630 1.1 9.7061 1.1 4.2501 1.2 0.2992 0.4 0.34 
TMS001-30 245 14190 1.2 18.2631 2.4 0.5157 2.4 0.0683 0.3 0.11 
TMS001-31 115 21281 2.4 12.8029 1.1 2.0636 1.2 0.1916 0.5 0.43 
TMS001-32 70 25307 1.5 10.3206 0.9 3.4529 1.2 0.2585 0.7 0.57 
TMS001-33 127 23165 2.6 13.6406 1.6 1.7368 1.6 0.1718 0.3 0.20 
TMS001-34 173 549 1.0 20.8378 90.8 0.0188 91.1 0.0028 6.9 0.08 
TMS001-34 138 30908 2.0 13.6734 1.3 1.6890 1.4 0.1675 0.3 0.21 
TMS001-36 233 15604 1.0 17.8644 1.8 0.5214 2.0 0.0676 1.0 0.50 
TMS001-37 144 29168 1.8 13.2696 1.1 1.8659 1.1 0.1796 0.3 0.27 
TMS001-38 519 31789 6.9 18.1881 1.0 0.5040 1.3 0.0665 0.9 0.67 
TMS001-39 86 6859 0.5 8.0048 1.6 5.7314 1.7 0.3327 0.6 0.37 
TMS001-40 87 26975 2.2 9.9171 0.9 4.0084 1.0 0.2883 0.5 0.47 
TMS001-42 62 36105 2.9 5.4138 0.3 13.3445 0.9 0.5240 0.8 0.95 
TMS001-43 440 25172 2.1 11.0853 0.2 2.8792 0.7 0.2315 0.7 0.94 
TMS001-44 442 11644 1.0 19.8955 3.2 0.1833 3.2 0.0264 0.4 0.12 
TMS001-45 260 4758 3.1 21.8645 6.7 0.1446 6.8 0.0229 0.8 0.12 
TMS001-46 93 18746 1.7 13.3871 2.1 1.8103 2.1 0.1758 0.4 0.17 
TMS001-47 153 63081 2.4 7.9265 0.4 6.2936 1.1 0.3618 1.0 0.90 
TMS001-48 179 31695 2.3 13.5596 1.0 1.7394 1.3 0.1711 0.7 0.57 
TMS001-49 237 68792 2.2 11.0417 0.4 3.1002 0.7 0.2483 0.6 0.84 
TMS001-50 185 83739 1.3 8.8848 0.2 4.9749 0.9 0.3206 0.9 0.96 
TMS001-51 148 45122 1.5 9.7379 0.4 4.1353 0.7 0.2921 0.6 0.81 
TMS001-52 729 17193 3.7 19.7887 1.3 0.2478 2.7 0.0356 2.4 0.88 
TMS001-54 89 18636 0.9 13.2788 1.6 1.8842 2.2 0.1815 1.5 0.67 
TMS001-55 143 25452 0.9 13.7076 1.1 1.7204 1.4 0.1710 1.0 0.67 
TMS001-56 167 42522 1.4 9.8762 0.5 4.1583 1.3 0.2979 1.2 0.92 
TMS001-58 73 13610 0.9 13.4732 1.6 1.8237 1.8 0.1782 0.9 0.51 
TMS001-6 136 35222 1.5 9.6548 0.5 4.2584 0.6 0.2982 0.3 0.60 
TMS001-60 175 17140 2.0 18.2716 2.4 0.5120 2.6 0.0678 1.0 0.38 
TMS001-61 66 27557 1.1 9.6967 0.8 4.1635 1.0 0.2928 0.5 0.55 
TMS001-62 249 14027 1.5 12.6312 0.8 2.0258 2.8 0.1856 2.6 0.96 
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Isotope Ratios: Sample TMSS001, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
TMS001-63 279 79547 2.1 10.9519 0.3 3.1126 1.2 0.2472 1.2 0.96 
TMS001-64 375 48976 2.8 10.6465 0.4 3.3449 1.0 0.2583 0.9 0.90 
TMS001-65 84 25063 1.7 9.6373 0.7 4.2464 0.8 0.2968 0.5 0.58 
TMS001-66 199 40166 3.3 12.5580 1.1 2.2346 1.3 0.2035 0.7 0.57 
TMS001-68 346 107752 3.9 9.6208 0.3 4.2491 1.1 0.2965 1.1 0.97 
TMS001-7 168 95977 1.7 4.5200 0.2 17.6416 0.5 0.5783 0.4 0.87 
TMS001-70 95 32652 1.0 10.5672 1.1 3.3590 1.4 0.2574 0.9 0.63 
TMS001-71 88 1477 1.0 24.5050 29.5 0.0866 29.5 0.0154 1.5 0.05 
TMS001-72 41 7328 1.5 13.1463 3.2 1.9683 3.4 0.1877 0.9 0.28 
TMS001-75 48 13248 1.8 13.5068 3.5 1.7445 3.6 0.1709 0.9 0.25 
TMS001-76 587 14080 8.2 13.0734 1.0 1.8246 1.4 0.1730 1.1 0.74 
TMS001-78 182 5971 0.9 20.7612 7.4 0.2290 7.5 0.0345 1.6 0.22 
TMS001-79 462 86224 57.1 14.0821 0.5 1.5029 3.1 0.1535 3.1 0.99 
TMS001-8 353 18639 1.7 18.4646 3.5 0.4048 3.6 0.0542 0.8 0.21 
TMS001-80 208 52512 2.1 9.3272 0.3 4.4645 2.5 0.3020 2.4 0.99 
TMS001-83 325 1203 0.9 29.0101 39.5 0.0142 39.5 0.0030 0.8 0.02 
TMS001-84 526 100188 4.4 13.4494 0.3 1.7539 3.4 0.1711 3.4 1.00 
TMS001-85 171 44825 1.7 8.8699 0.6 3.7709 4.1 0.2426 4.0 0.99 
TMS001-86 263 63018 1.4 9.3896 0.3 4.3508 1.7 0.2963 1.7 0.99 
TMS001-87 690 89530 14.0 15.5220 0.8 0.9907 2.8 0.1115 2.7 0.96 
TMS001-88 834 26656 4.2 19.6590 0.8 0.2504 2.1 0.0357 2.0 0.93 
TMS001-89 103 19876 2.8 12.8950 1.0 2.0088 2.6 0.1879 2.4 0.93 
TMS001-9 155 30363 1.6 13.2417 1.6 1.8904 1.7 0.1815 0.5 0.28 
TMS001-90 61 39972 2.1 4.9504 0.2 14.6558 2.1 0.5262 2.1 0.99 
TMS001-91 304 42896 3.0 9.5723 0.5 3.9205 1.6 0.2722 1.6 0.96 
TMS001-92 193 34625 2.2 12.7433 0.7 2.0824 2.2 0.1925 2.0 0.94 
TMS001-93 64 14701 3.0 8.7090 2.1 3.7296 3.3 0.2356 2.6 0.77 
TMS001-94 27 9141 1.0 9.7373 2.2 4.0566 2.7 0.2865 1.5 0.56 
TMS001-96 29 3337 0.9 5.6047 0.8 11.6976 1.5 0.4755 1.3 0.86 
TMS001-97 47 13694 2.0 10.8228 0.9 3.2693 1.4 0.2566 1.1 0.80 
TMS001-98 855 6418 4.9 18.0083 0.5 0.4801 1.1 0.0627 1.0 0.89 
TMS001-99 344 63581 11.2 13.2367 0.5 1.8676 1.5 0.1793 1.5 0.95 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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Apparent Ages: Sample TMSS001, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS001-1 335.8 4.3 335.2 7.7 331.2 53.1 335.8 4.3 
TMS001-10 1293.5 4.7 1299.9 14.6 1310.4 37.8 1310.4 37.8 
TMS001-100 1702.2 16.3 1700.8 12.6 1699.1 19.6 1699.1 19.6 
TMS001-11 19.4 0.2 14.1 3.0 -803.6 609.4 19.4 0.2 
TMS001-12 434.9 4.5 416.8 24.4 318.0 160.8 434.9 4.5 
TMS001-13 156.4 1.6 130.5 11.3 -317.9 235.6 156.4 1.6 
TMS001-15 1074.7 9.5 1069.0 15.9 1057.3 44.6 1057.3 44.6 
TMS001-16 1723.2 36.3 1740.5 20.7 1761.4 11.9 1761.4 11.9 
TMS001-17 2178.1 52.8 2441.4 26.9 2668.7 9.0 2668.7 9.0 
TMS001-18 1651.0 13.5 1667.7 8.1 1688.7 6.7 1688.7 6.7 
TMS001-19 1488.7 4.7 1499.8 3.8 1515.3 6.1 1515.3 6.1 
TMS001-2 1365.4 6.4 1367.1 6.6 1369.8 13.5 1369.8 13.5 
TMS001-21 1546.5 23.7 1572.3 14.4 1607.0 9.6 1607.0 9.6 
TMS001-22 1637.1 9.5 1642.6 6.3 1649.7 7.5 1649.7 7.5 
TMS001-23 589.7 6.0 588.4 7.3 583.3 26.6 589.7 6.0 
TMS001-24 467.5 2.0 468.0 15.6 470.5 91.6 467.5 2.0 
TMS001-25 1584.8 6.3 1644.5 4.2 1721.7 4.6 1721.7 4.6 
TMS001-26 1111.0 10.0 1106.2 14.4 1096.9 38.0 1096.9 38.0 
TMS001-27 362.6 1.9 368.6 9.3 405.9 66.0 362.6 1.9 
TMS001-28 1085.4 4.2 1074.4 9.0 1052.0 26.0 1052.0 26.0 
TMS001-29 1015.0 3.8 1019.4 8.6 1028.9 25.7 1028.9 25.7 
TMS001-3 1687.3 6.1 1683.8 10.0 1679.4 21.1 1679.4 21.1 
TMS001-30 425.9 1.1 422.2 8.3 402.2 53.7 425.9 1.1 
TMS001-31 1130.1 5.4 1136.8 8.3 1149.6 21.8 1149.6 21.8 
TMS001-32 1481.9 8.8 1516.5 9.1 1565.1 17.7 1565.1 17.7 
TMS001-33 1022.1 3.1 1022.3 10.5 1022.5 32.3 1022.5 32.3 
TMS001-34 18.3 1.3 18.9 17.1 98.8 3024.2 18.3 1.3 
TMS001-34 998.3 2.6 1004.4 8.7 1017.7 26.9 1017.7 26.9 
TMS001-36 421.4 4.1 426.1 7.0 451.4 39.0 421.4 4.1 
TMS001-37 1064.7 3.0 1069.1 7.3 1078.1 21.3 1078.1 21.3 
TMS001-38 414.9 3.6 414.4 4.5 411.4 22.1 414.9 3.6 
TMS001-39 1851.7 10.2 1936.1 14.7 2027.7 28.0 2027.7 28.0 
TMS001-40 1633.1 6.7 1635.9 8.0 1639.5 16.2 1639.5 16.2 
TMS001-42 2716.0 18.8 2704.3 8.4 2695.6 4.6 2695.6 4.6 
TMS001-43 1342.2 8.4 1376.5 5.5 1430.0 4.7 1430.0 4.7 
TMS001-44 168.3 0.6 170.9 5.1 207.2 74.7 168.3 0.6 
TMS001-45 146.2 1.1 137.1 8.7 -16.3 163.1 146.2 1.1 
TMS001-46 1043.8 3.4 1049.2 13.8 1060.4 42.0 1060.4 42.0 
TMS001-47 1990.7 16.4 2017.6 9.3 2045.1 7.9 2045.1 7.9 
TMS001-48 1018.0 6.8 1023.3 8.2 1034.6 21.1 1034.6 21.1 
TMS001-49 1429.6 7.6 1432.7 5.4 1437.5 7.2 1437.5 7.2 
TMS001-50 1792.5 13.9 1815.1 7.8 1841.0 4.4 1841.0 4.4 
TMS001-51 1651.8 8.3 1661.3 5.8 1673.3 7.7 1673.3 7.7 
TMS001-52 225.3 5.3 224.8 5.5 219.6 29.4 225.3 5.3 
TMS001-54 1075.0 14.8 1075.5 14.7 1076.8 32.8 1076.8 32.8 
186 
Apparent Ages: Sample TMSS001, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS001-55 1017.8 9.1 1016.2 9.2 1012.6 21.7 1012.6 21.7 
TMS001-56 1680.7 17.5 1665.8 10.5 1647.2 9.1 1647.2 9.1 
TMS001-58 1057.2 8.9 1054.0 11.9 1047.5 31.4 1047.5 31.4 
TMS001-6 1682.3 5.1 1685.4 4.7 1689.1 8.5 1689.1 8.5 
TMS001-60 423.2 3.9 419.8 8.8 401.2 52.9 423.2 3.9 
TMS001-61 1655.5 7.9 1666.9 8.0 1681.2 15.1 1681.2 15.1 
TMS001-62 1097.4 26.7 1124.2 18.8 1176.4 16.0 1176.4 16.0 
TMS001-63 1424.2 15.0 1435.8 9.4 1453.0 6.6 1453.0 6.6 
TMS001-64 1481.0 12.0 1491.6 7.9 1506.6 8.3 1506.6 8.3 
TMS001-65 1675.5 7.0 1683.0 6.7 1692.5 12.3 1692.5 12.3 
TMS001-66 1194.3 8.0 1192.0 9.0 1187.9 20.9 1187.9 20.9 
TMS001-68 1673.9 16.1 1683.6 9.2 1695.6 5.1 1695.6 5.1 
TMS001-7 2941.9 10.0 2970.4 4.7 2989.7 3.8 2989.7 3.8 
TMS001-70 1476.7 11.7 1494.9 11.0 1520.7 20.6 1520.7 20.6 
TMS001-71 98.5 1.4 84.3 23.9 -299.6 767.5 98.5 1.4 
TMS001-72 1108.8 9.6 1104.7 22.6 1096.8 64.6 1096.8 64.6 
TMS001-75 1017.0 8.5 1025.1 23.5 1042.5 71.1 1042.5 71.1 
TMS001-76 1028.7 10.2 1054.4 9.5 1107.9 19.5 1107.9 19.5 
TMS001-78 218.5 3.5 209.3 14.2 107.5 173.9 218.5 3.5 
TMS001-79 920.5 26.4 931.6 19.1 957.7 10.8 920.5 26.4 
TMS001-8 340.3 2.5 345.1 10.4 377.6 78.2 340.3 2.5 
TMS001-80 1701.3 36.4 1724.4 20.4 1752.6 5.9 1752.6 5.9 
TMS001-83 19.2 0.2 14.3 5.6 -751.2 1144.0 19.2 0.2 
TMS001-84 1018.1 31.6 1028.6 21.8 1051.1 6.2 1051.1 6.2 
TMS001-85 1400.1 50.6 1586.6 32.7 1844.0 11.5 1844.0 11.5 
TMS001-86 1672.9 24.5 1703.0 13.9 1740.4 4.7 1740.4 4.7 
TMS001-87 681.6 17.2 699.1 14.0 755.6 16.8 681.6 17.2 
TMS001-88 226.1 4.4 226.9 4.3 234.8 17.5 226.1 4.4 
TMS001-89 1109.8 24.4 1118.5 17.5 1135.3 19.5 1135.3 19.5 
TMS001-9 1075.4 4.6 1077.7 11.1 1082.3 32.2 1082.3 32.2 
TMS001-90 2725.4 46.9 2793.2 20.2 2842.4 3.8 2842.4 3.8 
TMS001-91 1551.9 21.6 1617.9 13.2 1705.0 8.7 1705.0 8.7 
TMS001-92 1134.7 21.1 1143.0 14.8 1158.8 14.5 1158.8 14.5 
TMS001-93 1363.7 31.4 1577.7 26.4 1877.1 37.7 1877.1 37.7 
TMS001-94 1623.9 21.7 1645.6 21.9 1673.4 41.1 1673.4 41.1 
TMS001-96 2507.6 27.2 2580.5 14.2 2638.2 12.8 2638.2 12.8 
TMS001-97 1472.5 15.0 1473.8 11.1 1475.6 16.5 1475.6 16.5 
TMS001-98 392.0 3.6 398.1 3.5 433.6 10.9 392.0 3.6 
TMS001-99 1063.1 14.3 1069.7 10.1 1083.1 9.2 1083.1 9.2 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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SAMPLE TMSS002 
Isotope Ratios: Sample TMSS002, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
TMS002-1 278 20285 1.6 18.1272 1.0 0.5706 2.7 0.0750 2.5 0.92 
TMS002-10 80 18160 1.6 13.4869 1.5 1.8570 1.9 0.1816 1.2 0.61 
TMS002-100 142 24953 2.3 13.9205 1.2 1.6409 1.9 0.1657 1.5 0.78 
TMS002-11 52 11198 3.0 11.4043 1.1 2.9910 1.4 0.2474 0.8 0.58 
TMS002-12 276 10760 1.2 20.2345 2.6 0.2607 2.7 0.0383 0.5 0.19 
TMS002-15 280 10125 2.7 20.6523 4.1 0.2442 4.3 0.0366 1.3 0.31 
TMS002-17 263 657 0.8 41.5574 80.1 0.0099 80.3 0.0030 5.2 0.06 
TMS002-18 59 14024 1.9 12.2575 2.0 2.4567 2.3 0.2184 1.1 0.49 
TMS002-19 67 14986 2.9 12.4271 1.9 2.3628 2.3 0.2130 1.3 0.56 
TMS002-2 419 36624 9.6 17.1651 0.7 0.7230 1.3 0.0900 1.2 0.86 
TMS002-20 205 74549 3.1 8.6387 0.3 5.5507 1.5 0.3478 1.4 0.98 
TMS002-21 123 40627 2.7 9.3706 0.6 4.6440 1.3 0.3156 1.1 0.88 
TMS002-22 505 2339 0.6 25.2608 37.3 0.0171 37.3 0.0031 1.2 0.03 
TMS002-23 156 30811 3.3 12.7942 0.9 2.1405 1.6 0.1986 1.3 0.82 
TMS002-24 904 10262 1.2 21.3528 5.4 0.0962 5.4 0.0149 0.9 0.17 
TMS002-25 73 12819 2.1 13.5758 1.5 1.8593 1.6 0.1831 0.6 0.39 
TMS002-26 451 75294 7.3 10.3349 1.8 2.4785 4.5 0.1858 4.1 0.92 
TMS002-27 178 56265 1.7 9.6499 0.5 4.4570 1.6 0.3119 1.6 0.96 
TMS002-28 105 21729 2.3 13.2124 1.7 1.9101 2.2 0.1830 1.5 0.67 
TMS002-29 345 57903 4.1 13.6231 0.3 1.7886 2.1 0.1767 2.1 0.99 
TMS002-31 20 4800 0.6 11.0557 3.0 3.1309 3.2 0.2510 1.1 0.34 
TMS002-33 284 11732 1.6 19.9238 3.7 0.2776 3.7 0.0401 0.4 0.12 
TMS002-34 70 1045 1.8 22.4468 101.4 0.0827 101.4 0.0135 1.3 0.01 
TMS002-35 502 111394 4.7 10.9768 0.4 2.9589 1.9 0.2356 1.8 0.98 
TMS002-36 63 11692 1.1 13.5682 2.1 1.8424 2.3 0.1813 0.8 0.35 
TMS002-37 104 32346 1.4 9.5589 0.5 4.5434 0.7 0.3150 0.5 0.72 
TMS002-38 244 5832 1.0 16.0100 2.4 0.7742 4.9 0.0899 4.3 0.87 
TMS002-4 423 16243 0.8 19.8441 2.1 0.2736 2.3 0.0394 0.9 0.37 
TMS002-40 350 103559 3.3 9.4554 0.4 4.4236 0.9 0.3034 0.8 0.88 
TMS002-41 64 842 1.3 26.9909 45.8 0.0824 45.9 0.0161 1.7 0.04 
TMS002-42 152 25776 6.0 13.3463 1.2 1.8958 1.5 0.1835 0.9 0.61 
TMS002-43 64 10306 3.6 13.3744 1.6 1.9431 2.1 0.1885 1.5 0.68 
TMS002-45A 131 25906 3.2 12.2050 1.0 2.4032 1.5 0.2127 1.1 0.74 
TMS002-46 112 22367 5.1 13.6169 1.7 1.7544 2.4 0.1733 1.7 0.71 
TMS002-47 49 10884 2.9 13.3670 2.0 1.8305 2.1 0.1775 0.8 0.39 
TMS002-48 225 40824 2.6 12.8621 0.6 2.0653 1.1 0.1927 0.9 0.82 
TMS002-49 239 28147 2.5 14.5912 1.2 1.1452 1.2 0.1212 0.3 0.27 
TMS002-5 211 62924 6.5 9.8943 0.2 4.1395 1.2 0.2970 1.2 0.98 
TMS002-50 124 27754 1.2 9.6764 0.8 4.0793 1.4 0.2863 1.2 0.83 
TMS002-51 59 25758 6.1 7.6629 1.1 6.6207 1.8 0.3680 1.5 0.79 
TMS002-52 210 3522 2.2 18.5379 2.2 0.4325 2.8 0.0582 1.8 0.64 
TMS002-53 284 46130 4.0 13.3853 0.8 1.8113 1.3 0.1758 1.1 0.81 
TMS002-54 337 762 0.8 40.7501 54.7 0.0068 55.2 0.0020 7.8 0.14 
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Isotope Ratios: Sample TMSS002, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
TMS002-56 109 7133 1.9 19.0319 5.1 0.4796 5.4 0.0662 1.7 0.31 
TMS002-57 193 8014 2.6 19.7571 4.5 0.2329 4.6 0.0334 1.1 0.24 
TMS002-58 441 101430 2.0 9.7449 0.4 4.1267 1.6 0.2917 1.5 0.97 
TMS002-59 93 16938 2.3 13.5917 1.7 1.7645 1.9 0.1739 0.8 0.43 
TMS002-59 335 5277 1.6 20.7371 6.1 0.0938 6.3 0.0141 1.4 0.22 
TMS002-6 186 28399 2.7 9.9614 0.6 3.7808 1.8 0.2732 1.7 0.95 
TMS002-61 100 30360 2.8 11.5371 1.3 2.7186 1.7 0.2275 1.1 0.62 
TMS002-62 67 16940 3.7 12.1951 3.0 2.3386 3.2 0.2068 1.0 0.30 
TMS002-63 212 35761 3.7 13.5549 0.8 1.7395 1.7 0.1710 1.5 0.87 
TMS002-64 93 23736 2.0 11.3609 0.8 2.9123 1.1 0.2400 0.8 0.70 
TMS002-65 171 14043 2.1 16.8721 1.9 0.7832 2.1 0.0958 0.9 0.42 
TMS002-66 42 7988 1.3 13.7186 2.5 1.7965 2.8 0.1787 1.0 0.38 
TMS002-67 106 33469 1.0 9.7904 0.7 3.8737 0.8 0.2751 0.4 0.52 
TMS002-7 177 38869 0.6 10.9438 0.5 3.1969 1.5 0.2537 1.4 0.95 
TMS002-71 69 17893 1.0 5.3122 0.4 13.5067 1.1 0.5204 1.0 0.92 
TMS002-72 213 27808 3.8 13.3320 0.6 1.8373 1.0 0.1777 0.8 0.83 
TMS002-73 552 114337 9.2 9.0475 0.3 4.9451 0.9 0.3245 0.9 0.94 
TMS002-74 159 72073 2.3 5.5200 0.4 12.7928 0.7 0.5122 0.5 0.78 
TMS002-77 107 27731 2.8 12.5276 1.2 2.2173 1.5 0.2015 1.0 0.65 
TMS002-78 234 16665 2.5 8.5788 0.3 5.5048 1.4 0.3425 1.3 0.97 
TMS002-79 233 21702 4.2 16.4333 1.9 0.8500 2.1 0.1013 1.0 0.46 
TMS002-8 142 24933 1.8 13.9244 0.9 1.6531 1.2 0.1669 0.8 0.65 
TMS002-80 68 11877 2.6 10.5457 1.7 3.2084 2.1 0.2454 1.2 0.58 
TMS002-81 173 43027 1.1 9.0515 0.4 4.9371 1.7 0.3241 1.7 0.98 
TMS002-82 90 30162 1.3 9.6821 0.8 4.1964 0.9 0.2947 0.5 0.56 
TMS002-83 166 805 1.1 9.6055 241.0 0.0402 241.1 0.0028 4.3 0.02 
TMS002-84 230 31078 2.8 13.1823 0.9 1.8140 1.1 0.1734 0.6 0.51 
TMS002-85 210 12348 1.1 17.9527 3.0 0.5345 3.2 0.0696 1.1 0.34 
TMS002-86 498 6747 2.4 22.5503 10.5 0.0910 10.6 0.0149 1.3 0.12 
TMS002-87 87 10181 1.2 11.1501 0.6 2.8448 0.8 0.2301 0.6 0.70 
TMS002-88 96 16554 1.1 14.2585 2.0 1.4420 2.2 0.1491 0.9 0.42 
TMS002-89 238 264 1.0 29.3241 48.5 0.0134 48.6 0.0028 3.3 0.07 
TMS002-9 264 14575 1.1 18.7519 2.8 0.4076 3.0 0.0554 1.0 0.34 
TMS002-90 271 68445 2.1 9.6019 0.4 4.2637 0.8 0.2969 0.7 0.86 
TMS002-93 179 36963 1.9 14.0703 0.8 1.6168 1.2 0.1650 0.9 0.74 
TMS002-94 280 10155 0.9 20.3743 3.6 0.1627 3.9 0.0240 1.6 0.40 
TMS002-95 92 15368 1.4 5.5184 1.5 12.2110 2.7 0.4887 2.2 0.83 
TMS002-96 629 7993 1.7 20.3626 8.6 0.1021 8.6 0.0151 0.4 0.05 
TMS002-97 169 27421 0.9 13.2211 0.6 1.9163 1.1 0.1838 0.9 0.82 
TMS002-99 31 6811 2.4 13.3563 4.1 1.9452 4.2 0.1884 0.9 0.21 
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Isotope Ratios: Sample TMSS002, Muddy Creek Formation, Nevada – continued 
 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
 
Apparent Ages: Sample TMSS002, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS002-1 466.3 11.3 458.4 10.0 418.9 23.2 466.3 11.3 
TMS002-10 1075.9 11.5 1065.9 12.4 1045.5 30.0 1045.5 30.0 
TMS002-100 988.2 13.4 986.0 11.9 981.3 24.1 988.2 13.4 
TMS002-11 1425.0 10.2 1405.3 10.4 1375.6 21.4 1375.6 21.4 
TMS002-12 242.0 1.2 235.2 5.6 167.8 61.4 242.0 1.2 
TMS002-15 231.6 3.0 221.9 8.5 119.9 95.8 231.6 3.0 
TMS002-17 19.2 1.0 10.0 8.0 -1896.1 984.4 19.2 1.0 
TMS002-18 1273.4 13.1 1259.4 16.6 1235.5 39.2 1235.5 39.2 
TMS002-19 1244.5 14.6 1231.4 16.4 1208.5 37.5 1208.5 37.5 
TMS002-2 555.6 6.1 552.4 5.7 539.5 14.8 555.6 6.1 
TMS002-20 1923.9 23.6 1908.5 12.5 1891.7 5.6 1891.7 5.6 
TMS002-21 1768.3 17.7 1757.2 10.9 1744.1 11.3 1744.1 11.3 
TMS002-22 20.1 0.2 17.2 6.4 -377.8 997.2 20.1 0.2 
TMS002-23 1167.9 14.0 1162.0 11.1 1150.9 18.4 1150.9 18.4 
TMS002-24 95.3 0.9 93.2 4.8 40.7 128.2 95.3 0.9 
TMS002-25 1083.7 6.4 1066.7 10.7 1032.2 30.1 1032.2 30.1 
TMS002-26 1098.5 41.6 1265.8 32.6 1562.5 33.9 1562.5 33.9 
TMS002-27 1750.2 23.9 1723.0 13.5 1690.1 8.6 1690.1 8.6 
TMS002-28 1083.5 14.9 1084.6 14.9 1086.8 33.4 1086.8 33.4 
TMS002-29 1049.0 20.2 1041.3 13.7 1025.1 6.9 1025.1 6.9 
TMS002-31 1443.8 14.1 1440.3 24.7 1435.1 57.5 1435.1 57.5 
TMS002-33 253.5 1.1 248.8 8.2 203.8 85.7 253.5 1.1 
TMS002-34 86.2 1.2 80.7 78.8 -80.2 1108.0 86.2 1.2 
TMS002-35 1363.6 22.6 1397.1 14.2 1448.7 7.1 1448.7 7.1 
TMS002-36 1074.1 8.0 1060.7 15.0 1033.3 43.1 1033.3 43.1 
TMS002-37 1765.2 8.1 1739.0 6.1 1707.5 9.3 1707.5 9.3 
TMS002-38 554.9 22.7 582.2 21.8 690.0 52.0 554.9 22.7 
TMS002-4 249.0 2.1 245.6 5.0 213.1 49.2 249.0 2.1 
TMS002-40 1707.9 11.5 1716.8 7.2 1727.5 7.7 1727.5 7.7 
TMS002-41 103.2 1.8 80.4 35.5 -552.9 1291.1 103.2 1.8 
TMS002-42 1086.1 9.1 1079.6 9.9 1066.6 23.7 1066.6 23.7 
TMS002-43 1113.1 14.8 1096.1 14.3 1062.3 31.4 1062.3 31.4 
TMS002-45A 1243.3 12.7 1243.5 10.8 1243.9 19.7 1243.9 19.7 
TMS002-46 1030.1 15.9 1028.8 15.2 1026.0 33.5 1026.0 33.5 
TMS002-47 1053.1 8.1 1056.5 14.1 1063.5 39.9 1063.5 39.9 
TMS002-48 1135.8 9.2 1137.4 7.4 1140.4 12.4 1140.4 12.4 
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Apparent Ages: Sample TMSS002, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS002-49 737.4 2.3 775.0 6.7 884.7 24.6 737.4 2.3 
TMS002-5 1676.7 17.3 1662.1 9.8 1643.8 4.2 1643.8 4.2 
TMS002-50 1622.9 16.6 1650.2 11.3 1685.0 14.1 1685.0 14.1 
TMS002-51 2019.8 25.4 2062.1 16.3 2104.7 19.7 2104.7 19.7 
TMS002-52 364.4 6.3 365.0 8.6 368.7 48.6 364.4 6.3 
TMS002-53 1044.2 10.3 1049.6 8.6 1060.7 15.4 1060.7 15.4 
TMS002-54 12.9 1.0 6.8 3.8 -1825.1 189.0 12.9 1.0 
TMS002-56 413.2 6.7 397.8 17.8 309.2 117.1 413.2 6.7 
TMS002-57 211.6 2.3 212.6 8.9 223.3 104.0 211.6 2.3 
TMS002-58 1649.8 22.0 1659.6 12.7 1672.0 6.9 1672.0 6.9 
TMS002-59 1033.8 7.7 1032.5 12.2 1029.8 34.5 1029.8 34.5 
TMS002-59 90.3 1.2 91.1 5.5 110.2 144.5 90.3 1.2 
TMS002-6 1556.8 24.1 1588.7 14.7 1631.3 10.7 1631.3 10.7 
TMS002-61 1321.2 12.6 1333.5 12.7 1353.3 26.0 1353.3 26.0 
TMS002-62 1212.0 10.5 1224.1 22.5 1245.5 59.2 1245.5 59.2 
TMS002-63 1017.7 13.8 1023.3 10.8 1035.3 16.6 1035.3 16.6 
TMS002-64 1386.5 10.0 1385.1 8.7 1382.9 15.8 1382.9 15.8 
TMS002-65 590.0 4.9 587.3 9.2 577.0 40.6 590.0 4.9 
TMS002-66 1060.1 10.1 1044.2 17.9 1011.0 51.7 1011.0 51.7 
TMS002-67 1566.4 5.7 1608.2 6.3 1663.4 12.3 1663.4 12.3 
TMS002-7 1457.8 18.0 1456.4 11.2 1454.4 8.7 1454.4 8.7 
TMS002-71 2700.8 21.7 2715.8 10.1 2726.9 7.0 2726.9 7.0 
TMS002-72 1054.2 8.2 1058.9 6.7 1068.7 11.4 1068.7 11.4 
TMS002-73 1811.6 13.7 1810.0 7.8 1808.1 5.9 1808.1 5.9 
TMS002-74 2665.8 11.4 2664.5 6.3 2663.5 6.9 2663.5 6.9 
TMS002-77 1183.2 10.8 1186.5 10.8 1192.6 23.1 1192.6 23.1 
TMS002-78 1898.7 22.1 1901.4 11.9 1904.2 6.2 1904.2 6.2 
TMS002-79 622.1 5.7 624.7 9.8 634.0 40.1 622.1 5.7 
TMS002-8 995.2 7.3 990.7 7.8 980.7 19.1 995.2 7.3 
TMS002-80 1414.7 15.4 1459.2 16.3 1524.6 32.5 1524.6 32.5 
TMS002-81 1809.8 26.8 1808.6 14.7 1807.3 6.7 1807.3 6.7 
TMS002-82 1664.8 7.4 1673.3 7.4 1683.9 13.9 1683.9 13.9 
TMS002-83 18.0 0.8 40.0 94.8 1698.6 552.8 18.0 0.8 
TMS002-84 1031.0 5.3 1050.5 7.0 1091.3 18.4 1091.3 18.4 
TMS002-85 433.7 4.6 434.8 11.4 440.5 67.4 433.7 4.6 
TMS002-86 95.2 1.2 88.4 8.9 -91.5 257.6 95.2 1.2 
TMS002-87 1334.8 6.9 1367.4 6.2 1418.8 11.2 1418.8 11.2 
TMS002-88 896.0 7.8 906.5 13.4 932.3 41.8 896.0 7.8 
TMS002-89 18.3 0.6 13.5 6.5 -781.5 1441.4 18.3 0.6 
TMS002-9 347.8 3.4 347.1 8.9 342.8 64.3 347.8 3.4 
TMS002-90 1676.0 10.1 1686.4 6.5 1699.3 7.4 1699.3 7.4 
TMS002-93 984.5 8.2 976.8 7.7 959.5 16.9 984.5 8.2 
TMS002-94 153.1 2.3 153.0 5.5 151.7 83.2 153.1 2.3 
TMS002-95 2565.1 46.5 2620.8 25.0 2664.0 24.9 2664.0 24.9 
TMS002-96 96.4 0.4 98.7 8.1 153.1 201.1 96.4 0.4 
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Apparent Ages: Sample TMSS002, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS002-97 1087.5 8.8 1086.8 7.1 1085.5 12.3 1085.5 12.3 
TMS002-99 1112.8 9.1 1096.8 28.2 1065.1 82.8 1065.1 82.8 
 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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SAMPLE TMSS003 
Isotope Ratios: Sample TMSS003, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS003-1 85 34611 3.1 9.6956 0.8 4.1747 1.2 0.2936 0.9 0.73 
TMS003-10 148 42723 1.9 13.3468 0.7 1.8619 1.0 0.1802 0.8 0.75 
TMS003-11 108 50116 1.5 9.7043 0.8 4.2344 1.1 0.2980 0.8 0.70 
TMS003-12 142 7046 1.2 20.2377 12.0 0.1855 12.3 0.0272 2.7 0.22 
TMS003-13 153 63294 1.9 9.6464 0.5 4.3388 0.7 0.3036 0.6 0.76 
TMS003-14 109 4950 1.6 20.4743 9.4 0.1841 9.5 0.0273 1.2 0.13 
TMS003-15 262 11400 1.5 21.0857 7.6 0.1820 7.7 0.0278 1.0 0.13 
TMS003-16 160 870 1.4 37.6236 51.6 0.0113 51.7 0.0031 3.8 0.07 
TMS003-17 220 6764 1.4 19.8976 3.6 0.2243 4.1 0.0324 2.0 0.48 
TMS003-18 69 20125 1.9 13.0694 1.6 1.9043 2.4 0.1805 1.8 0.73 
TMS003-19 53 15934 3.4 12.5947 3.2 2.2334 3.4 0.2040 1.4 0.40 
TMS003-2 160 896 1.3 2.8844 525.3 0.1371 525.3 0.0029 3.2 0.01 
TMS003-20 188 895 0.9 22.2340 55.7 0.0190 55.8 0.0031 3.4 0.06 
TMS003-21 79 1537 1.6 20.4962 16.6 0.1048 16.7 0.0156 2.2 0.13 
TMS003-22 10 668 4.6 8.1237 4.0 4.6514 4.5 0.2741 2.0 0.45 
TMS003-23 513 27180 2.0 19.9913 2.4 0.2511 2.6 0.0364 1.0 0.41 
TMS003-24 66 61452 1.6 4.7371 0.4 15.9318 2.2 0.5474 2.1 0.98 
TMS003-25 157 7429 1.6 19.5737 6.3 0.1984 6.3 0.0282 0.9 0.14 
TMS003-26 312 29571 2.6 18.2556 2.9 0.5037 3.1 0.0667 1.1 0.35 
TMS003-27 117 2886 1.0 22.6223 36.0 0.0867 36.1 0.0142 2.3 0.06 
TMS003-28 98 22829 3.1 13.6137 1.5 1.5398 2.5 0.1520 2.0 0.80 
TMS003-29 368 9643 1.3 21.4377 7.8 0.1014 7.8 0.0158 0.9 0.12 
TMS003-3 502 197292 2.5 11.0306 0.2 3.1125 0.7 0.2490 0.7 0.96 
TMS003-31 431 196873 11.5 9.7269 0.3 4.1659 0.7 0.2939 0.6 0.89 
TMS003-32 77 35153 2.1 9.7321 0.9 4.2115 1.8 0.2973 1.6 0.87 
TMS003-33 354 100588 2.5 11.0275 0.2 3.0709 1.2 0.2456 1.2 0.98 
TMS003-34 133 39200 2.6 12.9183 1.1 2.0908 1.4 0.1959 0.9 0.64 
TMS003-35 307 1928 1.2 24.0230 141.5 0.0177 141.5 0.0031 1.4 0.01 
TMS003-36 62 17185 0.9 12.4203 2.5 2.3554 2.6 0.2122 0.6 0.23 
TMS003-37 171 992 1.2 39.7314 119.1 0.0109 119.1 0.0031 4.6 0.04 
TMS003-39 415 147781 5.2 12.7484 0.4 2.1459 1.1 0.1984 1.1 0.94 
TMS003-4 28 12151 0.7 10.0961 2.9 4.0190 2.9 0.2943 0.7 0.22 
TMS003-40 42 9544 0.8 10.2852 6.8 3.6988 6.9 0.2759 0.9 0.14 
TMS003-41 158 12069 2.1 18.2993 4.5 0.2976 4.7 0.0395 1.3 0.28 
TMS003-42 205 1093 1.4 17.0815 40.1 0.0244 40.2 0.0030 2.4 0.06 
TMS003-43 46 1241 1.0 10.2055 224.0 0.1973 224.0 0.0146 3.0 0.01 
TMS003-44 74 39943 2.0 9.6891 0.9 4.1485 1.5 0.2915 1.2 0.81 
TMS003-47 447 26508 6.0 13.4007 0.5 1.6158 2.6 0.1570 2.5 0.98 
TMS003-48 432 21568 2.2 20.4602 2.5 0.1844 3.0 0.0274 1.6 0.55 
TMS003-49 35 15926 0.8 11.3356 1.5 2.9786 1.6 0.2449 0.7 0.43 
TMS003-5 143 688 0.6 35.5479 70.4 0.0108 71.0 0.0028 9.0 0.13 
TMS003-51 338 131520 10.1 10.9026 1.0 3.0090 2.7 0.2379 2.5 0.93 
TMS003-52 252 64315 2.2 13.6457 0.9 1.7638 1.6 0.1746 1.3 0.83 
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Isotope Ratios: Sample TMSS003, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
TMS003-54 170 844 1.3 23.5656 67.0 0.0166 67.0 0.0028 2.9 0.04 
TMS003-55 363 22223 1.4 10.9674 1.0 2.9026 5.1 0.2309 5.0 0.98 
TMS003-56 810 360090 6.3 9.7278 0.2 4.2202 1.3 0.2977 1.3 0.99 
TMS003-58 159 20933 2.9 9.6017 0.7 3.8444 2.0 0.2677 1.9 0.94 
TMS003-59 230 61687 4.3 13.1716 0.5 1.9553 1.1 0.1868 0.9 0.86 
TMS003-6 82 19682 2.7 13.4274 1.9 1.8281 2.3 0.1780 1.4 0.59 
TMS003-60 156 857 1.3 7.8313 192.6 0.0498 192.7 0.0028 4.0 0.02 
TMS003-61 91 29092 2.6 13.5032 1.3 1.7796 1.6 0.1743 1.0 0.59 
TMS003-62 82 17223 2.7 13.5292 2.2 1.7459 2.6 0.1713 1.4 0.55 
TMS003-64 230 1283 1.1 29.9070 60.2 0.0130 60.3 0.0028 3.2 0.05 
TMS003-65 227 72890 4.8 11.3408 0.6 2.7388 1.2 0.2253 1.0 0.84 
TMS003-66 101 10445 0.7 10.5167 1.2 3.2994 1.5 0.2517 1.0 0.64 
TMS003-67 51 29642 3.3 9.6784 0.7 4.2648 1.7 0.2994 1.6 0.90 
TMS003-68 129 13696 2.4 10.9946 1.1 3.0400 1.3 0.2424 0.7 0.53 
TMS003-69 54 3258 3.3 9.6197 1.1 3.8025 1.2 0.2653 0.3 0.24 
TMS003-7 22 8228 1.1 11.4761 4.8 2.9453 4.9 0.2451 1.2 0.24 
TMS003-70 438 98722 2.4 13.5535 0.3 1.6781 1.4 0.1650 1.3 0.97 
TMS003-71 218 1375 1.1 -4.9572 738.4 -0.0850 738.4 0.0031 2.6 0.00 
TMS003-72 162 60625 2.0 9.8629 0.8 4.0663 1.1 0.2909 0.8 0.70 
TMS003-73 574 14023 2.8 20.1179 3.3 0.0965 4.1 0.0141 2.3 0.58 
TMS003-74 69 34235 1.3 9.7243 0.5 4.2623 1.6 0.3006 1.5 0.96 
TMS003-77 226 1351 0.7 21.0147 44.0 0.0214 44.8 0.0033 8.4 0.19 
TMS003-79 216 76749 8.7 12.5642 0.7 2.2255 1.9 0.2028 1.8 0.93 
TMS003-8 529 24480 2.4 19.6377 1.9 0.2516 1.9 0.0358 0.5 0.27 
TMS003-80 62 4558 1.6 20.2824 12.7 0.2573 12.8 0.0378 2.0 0.16 
TMS003-81 141 74515 2.2 9.6936 0.4 4.3845 1.6 0.3083 1.5 0.97 
TMS003-82 273 37079 1.3 17.9579 1.1 0.5690 1.6 0.0741 1.2 0.74 
TMS003-83 51 24129 1.4 9.6542 1.3 4.2518 1.9 0.2977 1.4 0.73 
TMS003-84 136 39843 560.5 13.7491 1.7 1.6927 1.8 0.1688 0.7 0.37 
TMS003-85 119 645 1.2 13.2706 82.5 0.0316 82.6 0.0030 4.1 0.05 
TMS003-86 389 142421 2.3 11.0709 0.3 3.1646 1.1 0.2541 1.0 0.96 
TMS003-87 137 41095 3.5 13.9140 1.2 1.6325 2.1 0.1647 1.7 0.81 
TMS003-88 229 74305 2.8 13.2778 0.5 1.9230 1.5 0.1852 1.4 0.95 
TMS003-89 36 12294 0.4 13.5451 3.9 1.7545 4.0 0.1724 0.9 0.22 
TMS003-9 143 648 1.2 15.9761 35.1 0.0249 35.8 0.0029 7.1 0.20 
TMS003-90 16 7565 2259.6 10.6959 4.5 3.1858 6.9 0.2471 5.2 0.75 
TMS003-91 57 17633 2.3 12.9479 1.8 2.0648 2.6 0.1939 2.0 0.74 
TMS003-92 231 110238 2.7 11.0269 0.6 3.2147 1.6 0.2571 1.5 0.94 
TMS003-93 181 10935 1.6 20.3442 5.4 0.2546 5.5 0.0376 1.0 0.19 
TMS003-94 223 1188 1.3 24.1737 41.1 0.0185 41.2 0.0032 2.4 0.06 
TMS003-95 252 2197 0.6 14.9214 26.8 0.1354 26.8 0.0147 1.9 0.07 
TMS003-96 89 26665 2.8 13.8431 0.7 1.6794 1.5 0.1686 1.3 0.88 
TMS003-98 39 14922 2.4 13.0446 3.2 1.8928 3.3 0.1791 0.7 0.21 
TMS003-99 93 20696 2.0 16.7280 2.1 0.8536 2.2 0.1036 0.7 0.30 
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Isotope Ratios: Sample TMSS003, Muddy Creek Formation, Nevada – continued 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
Apparent Ages: Sample TMSS003, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS003-1 1659.3 12.8 1669.1 9.9 1681.4 15.4 1681.4 15.4 
TMS003-10 1068.2 7.8 1067.7 6.9 1066.5 13.9 1066.5 13.9 
TMS003-11 1681.5 11.3 1680.7 9.0 1679.7 14.4 1679.7 14.4 
TMS003-12 173.2 4.6 172.8 19.6 167.4 281.4 173.2 4.6 
TMS003-13 1708.9 8.5 1700.8 6.1 1690.7 8.8 1690.7 8.8 
TMS003-14 173.9 2.0 171.6 15.0 140.3 221.1 173.9 2.0 
TMS003-15 177.0 1.7 169.8 12.0 70.7 182.0 177.0 1.7 
TMS003-16 19.9 0.8 11.5 5.9 -1547.7 1833.9 19.9 0.8 
TMS003-17 205.4 3.9 205.5 7.6 206.9 83.2 205.4 3.9 
TMS003-18 1069.7 17.3 1082.6 16.0 1108.6 32.9 1108.6 32.9 
TMS003-19 1196.9 15.2 1191.6 24.2 1182.1 62.4 1182.1 62.4 
TMS003-2 18.5 0.6 130.4 758.2 3692.5 215.2 3692.5 215.2 
TMS003-20 19.7 0.7 19.1 10.6 -56.9 1464.6 19.7 0.7 
TMS003-21 99.7 2.2 101.2 16.1 137.7 391.5 99.7 2.2 
TMS003-22 1561.3 28.1 1758.5 37.4 2001.6 70.8 2001.6 70.8 
TMS003-23 230.5 2.4 227.4 5.2 196.0 54.6 230.5 2.4 
TMS003-24 2814.2 49.0 2872.7 20.9 2914.0 6.2 2914.0 6.2 
TMS003-25 179.0 1.6 183.8 10.7 244.8 144.7 179.0 1.6 
TMS003-26 416.2 4.4 414.2 10.7 403.1 66.0 416.2 4.4 
TMS003-27 91.1 2.1 84.5 29.2 -99.3 909.4 91.1 2.1 
TMS003-28 912.3 16.6 946.4 15.1 1026.5 30.1 1026.5 30.1 
TMS003-29 100.9 0.9 98.1 7.3 31.2 186.1 100.9 0.9 
TMS003-3 1433.4 8.5 1435.8 5.3 1439.4 3.6 1439.4 3.6 
TMS003-31 1660.9 9.2 1667.3 5.8 1675.4 6.0 1675.4 6.0 
TMS003-32 1677.7 23.7 1676.3 15.1 1674.4 16.6 1674.4 16.6 
TMS003-33 1415.8 15.2 1425.5 9.3 1439.9 4.1 1439.9 4.1 
TMS003-34 1153.2 9.4 1145.8 9.7 1131.8 21.6 1131.8 21.6 
TMS003-35 19.9 0.3 17.8 25.0 -249.0 0.0 19.9 0.3 
TMS003-36 1240.4 6.7 1229.2 18.6 1209.6 49.9 1209.6 49.9 
TMS003-37 20.1 0.9 11.0 13.0 -1735.1 0.0 20.1 0.9 
TMS003-39 1166.8 11.5 1163.7 7.9 1158.1 7.6 1158.1 7.6 
TMS003-4 1662.9 9.7 1638.1 24.0 1606.3 53.6 1606.3 53.6 
TMS003-40 1570.8 13.0 1571.1 55.0 1571.6 127.8 1571.6 127.8 
TMS003-41 249.7 3.2 264.5 10.9 397.8 100.3 249.7 3.2 
TMS003-42 19.5 0.5 24.5 9.7 550.1 910.7 19.5 0.5 
TMS003-43 93.5 2.8 182.8 393.3 1586.1 566.9 93.5 2.8 
TMS003-44 1649.1 17.4 1663.9 12.1 1682.6 16.2 1682.6 16.2 
199 
Apparent Ages: Sample TMSS003, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS003-47 940.3 21.9 976.4 16.0 1058.4 10.9 1058.4 10.9 
TMS003-48 174.1 2.8 171.9 4.7 141.8 58.3 174.1 2.8 
TMS003-49 1412.0 8.8 1402.2 12.3 1387.2 28.0 1387.2 28.0 
TMS003-5 18.0 1.6 10.9 7.7 -1361.1 765.2 18.0 1.6 
TMS003-51 1375.9 31.5 1409.9 20.8 1461.6 18.8 1461.6 18.8 
TMS003-52 1037.2 12.7 1032.3 10.4 1021.8 18.3 1021.8 18.3 
TMS003-54 18.2 0.5 16.7 11.1 -200.6 1888.7 18.2 0.5 
TMS003-55 1339.1 61.1 1382.6 38.8 1450.3 18.5 1450.3 18.5 
TMS003-56 1680.1 19.3 1678.0 10.8 1675.2 3.9 1675.2 3.9 
TMS003-58 1529.2 25.6 1602.1 16.1 1699.3 12.1 1699.3 12.1 
TMS003-59 1104.0 9.3 1100.3 7.1 1093.0 10.7 1093.0 10.7 
TMS003-6 1056.2 13.6 1055.6 15.4 1054.4 38.0 1054.4 38.0 
TMS003-60 18.2 0.7 49.4 93.1 2066.4 65.7 2066.4 65.7 
TMS003-61 1035.7 9.2 1038.0 10.5 1043.0 26.3 1043.0 26.3 
TMS003-62 1019.3 13.4 1025.6 16.7 1039.1 43.5 1039.1 43.5 
TMS003-64 18.2 0.6 13.2 7.9 -837.5 1872.5 18.2 0.6 
TMS003-65 1309.7 11.7 1339.1 8.8 1386.3 12.4 1386.3 12.4 
TMS003-66 1447.0 12.5 1480.9 11.8 1529.8 21.9 1529.8 21.9 
TMS003-67 1688.2 23.1 1686.6 14.2 1684.6 13.8 1684.6 13.8 
TMS003-68 1399.2 8.5 1417.7 9.8 1445.6 20.6 1445.6 20.6 
TMS003-69 1516.9 3.9 1593.3 9.5 1695.9 21.1 1695.9 21.1 
TMS003-7 1413.4 15.2 1393.6 37.4 1363.5 92.2 1363.5 92.2 
TMS003-70 984.3 12.0 1000.3 8.6 1035.5 6.7 1035.5 6.7 
TMS003-71 19.7 0.5 -90.2 -853.2 0.0 501.0 19.7 0.5 
TMS003-72 1645.9 11.2 1647.6 8.9 1649.7 14.4 1649.7 14.4 
TMS003-73 90.2 2.1 93.6 3.6 181.3 77.3 90.2 2.1 
TMS003-74 1694.3 23.0 1686.1 13.3 1675.9 8.8 1675.9 8.8 
TMS003-77 21.0 1.7 21.5 9.5 78.7 1093.2 21.0 1.7 
TMS003-79 1190.3 19.3 1189.1 13.4 1186.9 14.3 1186.9 14.3 
TMS003-8 226.9 1.2 227.8 3.9 237.3 42.8 226.9 1.2 
TMS003-80 239.5 4.7 232.5 26.6 162.3 296.8 239.5 4.7 
TMS003-81 1732.1 23.5 1709.4 13.2 1681.7 7.4 1681.7 7.4 
TMS003-82 460.9 5.3 457.4 6.0 439.8 24.3 460.9 5.3 
TMS003-83 1679.9 20.7 1684.1 15.7 1689.3 24.1 1689.3 24.1 
TMS003-84 1005.4 6.3 1005.8 11.8 1006.5 34.8 1006.5 34.8 
TMS003-85 19.6 0.8 31.6 25.7 1078.0 2145.8 19.6 0.8 
TMS003-86 1459.6 13.6 1448.6 8.4 1432.4 5.8 1432.4 5.8 
TMS003-87 983.1 15.8 982.8 13.4 982.3 25.1 982.3 25.1 
TMS003-88 1095.2 14.2 1089.1 10.0 1076.9 9.8 1076.9 9.8 
TMS003-89 1025.1 8.2 1028.8 26.0 1036.7 79.5 1036.7 79.5 
TMS003-9 18.6 1.3 25.0 8.9 694.4 770.8 18.6 1.3 
TMS003-90 1423.7 66.0 1453.7 53.2 1497.9 86.0 1497.9 86.0 
TMS003-91 1142.5 20.5 1137.2 18.0 1127.2 35.3 1127.2 35.3 
TMS003-92 1475.0 19.4 1460.7 12.2 1440.0 10.5 1440.0 10.5 
TMS003-93 237.7 2.4 230.3 11.3 155.2 126.6 237.7 2.4 
200 
Apparent Ages: Sample TMSS003, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS003-94 20.9 0.5 18.6 7.6 -264.9 1083.0 20.9 0.5 
TMS003-95 93.8 1.8 128.9 32.5 838.3 567.0 93.8 1.8 
TMS003-96 1004.4 12.2 1000.7 9.5 992.6 14.7 992.6 14.7 
TMS003-98 1061.9 7.0 1078.5 22.1 1112.3 64.9 1112.3 64.9 
TMS003-99 635.2 4.0 626.6 10.3 595.6 45.6 635.2 4.0 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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SAMPLE TMSS004 
Isotope Ratios: Sample TMSS004, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS004-1 1011 52510 0.9 20.0374 1.7 0.1932 2.2 0.0281 1.4 0.64 
TMS004-10 263 101863 1.0 5.2607 0.1 13.6495 2.8 0.5208 2.8 1.00 
TMS004-100 340 1656 0.7 18.1667 24.3 0.0226 24.4 0.0030 2.2 0.09 
TMS004-11 37 14573 2.7 12.9518 3.8 1.9847 3.8 0.1864 0.7 0.19 
TMS004-12 134 49506 3.1 13.7166 0.7 1.7765 1.2 0.1767 1.0 0.81 
TMS004-13 121 48785 2.3 13.2122 1.1 1.8915 1.7 0.1812 1.3 0.77 
TMS004-14 135 51468 2.4 9.6534 0.7 3.6042 1.0 0.2523 0.7 0.71 
TMS004-15 140 58366 1.6 12.2780 0.7 2.3312 1.4 0.2076 1.3 0.89 
TMS004-16 198 127538 1.9 10.9267 0.3 3.1845 1.4 0.2524 1.3 0.97 
TMS004-17 256 85629 0.9 14.1717 1.1 1.5411 1.7 0.1584 1.3 0.77 
TMS004-18 340 9463 2.0 17.5207 3.4 0.5301 3.5 0.0674 1.0 0.28 
TMS004-19 208 178139 20.4 8.9435 0.2 5.1493 1.8 0.3340 1.8 0.99 
TMS004-2 176 11123 1.0 17.9976 3.4 0.5224 3.9 0.0682 2.0 0.52 
TMS004-20 190 79160 2.1 13.3601 0.9 1.8856 1.5 0.1827 1.3 0.81 
TMS004-21 568 21501 4.7 13.2201 0.7 1.8233 1.4 0.1748 1.3 0.89 
TMS004-22 403 81630 4.1 9.5681 0.2 4.3246 1.0 0.3001 1.0 0.97 
TMS004-23 283 135352 2.2 11.6953 0.3 2.7132 1.5 0.2301 1.5 0.98 
TMS004-25 83 19099 1.7 3.2181 0.5 29.9565 1.2 0.6992 1.1 0.89 
TMS004-26 138 49764 0.6 5.3432 0.3 13.4625 1.0 0.5217 1.0 0.96 
TMS004-27 823 207270 4.2 12.6285 0.2 2.1566 0.8 0.1975 0.8 0.98 
TMS004-28 41 19769 0.7 10.6677 1.2 3.4664 1.6 0.2682 1.1 0.67 
TMS004-30 127 66191 2.3 9.8542 0.6 4.0269 1.5 0.2878 1.3 0.90 
TMS004-31 59 29491 1.4 11.4955 1.9 2.9176 2.3 0.2433 1.4 0.59 
TMS004-32 64 34848 2.4 11.0883 1.9 3.0901 2.3 0.2485 1.4 0.58 
TMS004-35 479 27697 1.7 13.2912 1.3 1.8150 1.4 0.1750 0.4 0.28 
TMS004-36 228 40765 1.7 17.2448 2.0 0.6951 3.2 0.0869 2.5 0.78 
TMS004-37 218 141836 2.5 9.3735 0.6 4.6857 2.3 0.3185 2.2 0.97 
TMS004-39 163 99305 1.1 9.5023 0.3 4.2253 1.8 0.2912 1.8 0.99 
TMS004-40 428 2940 0.7 24.4476 26.4 0.0167 26.5 0.0030 2.0 0.08 
TMS004-41 81 34495 2.5 13.5597 1.2 1.8032 1.5 0.1773 0.9 0.63 
TMS004-44 196 26748 2.1 13.9873 1.1 1.5696 1.8 0.1592 1.4 0.80 
TMS004-45 331 50084 2.0 9.2455 0.2 4.1514 0.9 0.2784 0.9 0.98 
TMS004-47 49 40184 0.6 7.8455 1.2 6.7008 2.2 0.3813 1.9 0.85 
TMS004-48 180 57532 2.0 13.7203 0.7 1.6834 1.8 0.1675 1.7 0.92 
TMS004-49 104 33423 1.7 9.5640 1.7 4.3935 3.6 0.3048 3.2 0.89 
TMS004-5 206 44986 3.5 12.7428 1.1 2.0986 2.6 0.1939 2.4 0.91 
TMS004-50 525 168978 3.4 12.2374 0.3 2.3571 1.7 0.2092 1.7 0.98 
TMS004-51 68 35975 3.0 11.4057 1.4 2.8413 1.8 0.2350 1.2 0.65 
TMS004-52 140 13652 3.1 8.8481 0.5 4.3491 1.7 0.2791 1.6 0.96 
TMS004-53 383 226308 2.1 8.1225 0.2 6.2527 1.2 0.3683 1.2 0.99 
TMS004-54 358 29164 2.7 19.9744 2.7 0.2487 3.2 0.0360 1.7 0.52 
TMS004-55 96 43633 1.1 11.3550 1.1 2.6650 2.2 0.2195 1.9 0.86 
TMS004-56 103 132014 1.3 4.5409 0.2 17.7693 1.2 0.5852 1.2 0.99 
204 
Isotope Ratios: Sample TMSS004, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS004-57 254 82768 2.0 11.1640 0.7 2.5188 1.1 0.2039 0.9 0.80 
TMS004-58 29 12895 2.3 12.5854 3.5 2.1262 3.8 0.1941 1.3 0.35 
TMS004-59 320 136932 2.5 8.4686 0.3 4.8232 0.5 0.2962 0.4 0.74 
TMS004-6 958 64513 3.0 11.2344 0.6 2.6147 0.9 0.2130 0.7 0.75 
TMS004-60 250 113139 3.3 12.8628 0.6 2.0777 1.9 0.1938 1.8 0.94 
TMS004-61 33 15953 0.5 13.7220 3.5 1.7663 3.7 0.1758 1.2 0.32 
TMS004-62 215 16974 1.5 18.9233 4.9 0.3240 5.0 0.0445 1.0 0.21 
TMS004-64 48 1420 0.6 18.7158 28.4 0.1121 28.6 0.0152 3.0 0.11 
TMS004-65 17 255 21.4 18.7888 76.2 0.1085 76.5 0.0148 7.0 0.09 
TMS004-66 91 54101 1.4 9.7613 0.7 4.1901 2.3 0.2966 2.2 0.95 
TMS004-67 171 19740 1.4 18.4926 5.5 0.4344 5.8 0.0583 1.8 0.32 
TMS004-68 159 102994 1.8 9.7046 0.4 4.3276 1.9 0.3046 1.9 0.98 
TMS004-69 64 45206 2.0 9.3906 1.2 4.6042 1.4 0.3136 0.7 0.52 
TMS004-7 371 145996 2.5 12.6651 0.4 2.1183 2.3 0.1946 2.3 0.98 
TMS004-70 286 45619 1.0 17.7209 2.2 0.5690 2.6 0.0731 1.3 0.49 
TMS004-71 151 51709 1.7 13.6277 0.8 1.7305 1.0 0.1710 0.7 0.65 
TMS004-72 221 17139 1.4 18.0135 2.8 0.4849 3.1 0.0634 1.4 0.46 
TMS004-74 61 44807 2.3 8.1635 0.8 6.0431 1.4 0.3578 1.1 0.81 
TMS004-75 405 87502 0.6 16.6050 1.0 0.8356 1.2 0.1006 0.6 0.51 
TMS004-76 101 51703 3.9 12.2501 1.2 2.4307 1.5 0.2160 0.9 0.58 
TMS004-77 420 10767 2.7 20.1369 3.9 0.1584 4.0 0.0231 0.5 0.13 
TMS004-79 124 44918 2.4 13.7387 1.6 1.7463 2.1 0.1740 1.4 0.64 
TMS004-8 218 89482 5.1 12.9831 0.7 2.0307 1.1 0.1912 0.8 0.75 
TMS004-81 118 53936 1.5 11.2905 0.8 2.9482 1.9 0.2414 1.8 0.92 
TMS004-82 155 62632 2.1 12.7704 0.7 2.0863 1.5 0.1932 1.3 0.87 
TMS004-83 1667 81754 2.1 11.2522 0.2 2.9009 1.6 0.2367 1.6 0.99 
TMS004-87 121 80344 1.1 8.1429 0.6 6.3195 1.4 0.3732 1.2 0.91 
TMS004-89 42 29864 2.3 9.1900 0.8 4.8647 1.8 0.3242 1.6 0.89 
TMS004-9 72 79733 0.9 5.1247 0.3 14.3714 1.7 0.5342 1.7 0.98 
TMS004-90 78 646 1.2 22.9826 71.3 0.0198 71.3 0.0033 2.9 0.04 
TMS004-91 96 70289 1.8 9.2533 0.4 4.8255 1.3 0.3238 1.2 0.95 
TMS004-93 343 205207 2.2 9.6940 0.3 4.2717 1.4 0.3003 1.4 0.97 
TMS004-94 41 33156 2.9 9.3132 0.9 4.6354 1.8 0.3131 1.5 0.88 
TMS004-95 177 81816 4.6 13.5616 1.3 1.7849 1.9 0.1756 1.4 0.72 
TMS004-96 85 37188 1.5 10.7462 1.1 3.2660 1.5 0.2546 1.0 0.66 
TMS004-97 243 27284 0.5 18.8521 3.1 0.3692 3.3 0.0505 0.8 0.26 
TMS004-98 199 37840 2.3 16.8202 1.0 0.7466 1.2 0.0911 0.6 0.48 
TMS004-99 50 21564 0.7 13.3821 3.5 1.8732 3.6 0.1818 0.9 0.24 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
205 
Apparent Ages: Sample TMSS004, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS004-1 178.5 2.5 179.3 3.6 190.7 39.5 178.5 2.5 
TMS004-10 2702.5 62.7 2725.7 26.9 2742.9 2.4 2742.9 2.4 
TMS004-100 19.2 0.4 22.7 5.5 414.1 549.8 19.2 0.4 
TMS004-11 1102.0 7.3 1110.3 25.9 1126.6 75.0 1126.6 75.0 
TMS004-12 1049.1 9.5 1036.9 7.8 1011.3 14.4 1011.3 14.4 
TMS004-13 1073.8 13.2 1078.1 11.5 1086.8 22.1 1086.8 22.1 
TMS004-14 1450.5 9.0 1550.4 7.8 1689.4 12.7 1689.4 12.7 
TMS004-15 1215.9 14.1 1221.8 10.2 1232.3 13.1 1232.3 13.1 
TMS004-16 1450.6 17.1 1453.4 10.5 1457.4 5.8 1457.4 5.8 
TMS004-17 947.9 11.1 947.0 10.2 944.8 21.8 944.8 21.8 
TMS004-18 420.2 4.0 431.9 12.4 494.4 74.5 420.2 4.0 
TMS004-19 1857.8 29.6 1844.3 15.7 1829.1 4.4 1829.1 4.4 
TMS004-2 425.2 8.3 426.7 13.6 434.9 74.7 425.2 8.3 
TMS004-20 1081.8 12.5 1076.0 10.3 1064.5 18.1 1064.5 18.1 
TMS004-21 1038.6 12.0 1053.9 9.3 1085.6 13.2 1085.6 13.2 
TMS004-22 1691.8 14.8 1698.1 8.4 1705.8 4.4 1705.8 4.4 
TMS004-23 1335.3 17.9 1332.1 11.2 1327.0 5.8 1327.0 5.8 
TMS004-25 3417.5 28.3 3485.4 11.7 3524.6 8.3 3524.6 8.3 
TMS004-26 2706.4 21.3 2712.7 9.5 2717.3 4.5 2717.3 4.5 
TMS004-27 1162.0 8.1 1167.2 5.4 1176.8 3.1 1176.8 3.1 
TMS004-28 1531.6 14.4 1519.6 12.4 1502.9 21.9 1502.9 21.9 
TMS004-30 1630.5 18.8 1639.6 11.9 1651.3 12.0 1651.3 12.0 
TMS004-31 1403.6 17.0 1386.5 17.4 1360.3 35.9 1360.3 35.9 
TMS004-32 1430.8 17.5 1430.2 18.0 1429.4 36.4 1429.4 36.4 
TMS004-35 1039.4 3.7 1050.9 9.0 1074.9 26.6 1074.9 26.6 
TMS004-36 537.4 12.8 535.8 13.2 529.4 43.3 537.4 12.8 
TMS004-37 1782.6 34.0 1764.7 18.9 1743.5 10.4 1743.5 10.4 
TMS004-39 1647.5 26.6 1679.0 15.1 1718.5 4.6 1718.5 4.6 
TMS004-40 19.1 0.4 16.8 4.4 -293.6 683.4 19.1 0.4 
TMS004-41 1052.4 9.2 1046.6 9.8 1034.6 23.4 1034.6 23.4 
TMS004-44 952.5 12.6 958.3 11.1 971.5 22.1 971.5 22.1 
TMS004-45 1583.1 13.0 1664.5 7.8 1768.7 3.3 1768.7 3.3 
TMS004-47 2082.3 34.0 2072.7 19.8 2063.2 20.7 2063.2 20.7 
TMS004-48 998.4 15.3 1002.3 11.5 1010.7 14.1 1010.7 14.1 
TMS004-49 1714.8 48.4 1711.1 29.9 1706.6 30.5 1706.6 30.5 
TMS004-5 1142.7 24.8 1148.3 17.8 1158.9 20.8 1158.9 20.8 
TMS004-50 1224.6 18.8 1229.7 12.2 1238.8 5.8 1238.8 5.8 
TMS004-51 1360.9 14.7 1366.5 13.8 1375.4 26.8 1375.4 26.8 
TMS004-52 1586.8 23.0 1702.7 14.0 1848.5 8.5 1848.5 8.5 
TMS004-53 2021.6 20.6 2011.9 10.5 2001.8 2.8 2001.8 2.8 
TMS004-54 228.2 3.7 225.5 6.5 198.0 63.4 228.2 3.7 
TMS004-55 1279.1 22.2 1318.8 16.5 1383.9 22.0 1383.9 22.0 
TMS004-56 2969.9 28.8 2977.3 11.7 2982.3 2.8 2982.3 2.8 
TMS004-57 1196.5 9.5 1277.5 8.0 1416.4 12.7 1416.4 12.7 
TMS004-58 1143.4 13.7 1157.4 26.0 1183.6 69.6 1183.6 69.6 
206 
Apparent Ages: Sample TMSS004, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS004-59 1672.6 5.2 1788.9 4.0 1927.4 5.8 1927.4 5.8 
TMS004-6 1245.0 7.5 1304.8 6.4 1404.4 11.0 1404.4 11.0 
TMS004-60 1142.1 18.9 1141.5 13.1 1140.3 12.6 1140.3 12.6 
TMS004-61 1043.9 11.5 1033.2 23.8 1010.5 70.5 1010.5 70.5 
TMS004-62 280.5 2.8 285.0 12.3 322.2 110.5 280.5 2.8 
TMS004-64 97.3 2.9 107.9 29.2 347.1 654.5 97.3 2.9 
TMS004-65 94.6 6.6 104.6 76.2 338.3 2072.5 94.6 6.6 
TMS004-66 1674.6 32.8 1672.1 19.1 1668.9 12.9 1668.9 12.9 
TMS004-67 365.0 6.5 366.3 17.7 374.2 123.1 365.0 6.5 
TMS004-68 1714.1 28.5 1698.6 16.0 1679.6 7.8 1679.6 7.8 
TMS004-69 1758.3 11.2 1750.0 11.7 1740.2 22.0 1740.2 22.0 
TMS004-7 1146.2 23.8 1154.8 15.9 1171.1 8.5 1171.1 8.5 
TMS004-70 455.0 5.6 457.4 9.5 469.4 49.6 455.0 5.6 
TMS004-71 1017.8 6.3 1019.9 6.6 1024.4 15.9 1024.4 15.9 
TMS004-72 396.0 5.5 401.4 10.3 433.0 61.6 396.0 5.5 
TMS004-74 1971.7 18.5 1982.1 11.8 1992.9 14.3 1992.9 14.3 
TMS004-75 618.1 3.6 616.7 5.6 611.6 22.4 618.1 3.6 
TMS004-76 1260.5 9.9 1251.7 10.7 1236.7 23.8 1236.7 23.8 
TMS004-77 147.5 0.8 149.3 5.5 179.1 92.0 147.5 0.8 
TMS004-79 1034.2 13.0 1025.8 13.7 1008.0 33.2 1008.0 33.2 
TMS004-8 1127.9 8.7 1125.8 7.6 1121.8 14.8 1121.8 14.8 
TMS004-81 1394.1 22.2 1394.4 14.6 1394.9 14.6 1394.9 14.6 
TMS004-82 1138.9 13.3 1144.3 10.0 1154.6 14.2 1154.6 14.2 
TMS004-83 1369.7 20.1 1382.1 12.4 1401.4 4.0 1401.4 4.0 
TMS004-87 2044.5 21.5 2021.2 11.8 1997.4 10.0 1997.4 10.0 
TMS004-89 1810.4 25.6 1796.2 15.3 1779.6 14.8 1779.6 14.8 
TMS004-9 2758.9 37.2 2774.5 16.1 2785.9 5.4 2785.9 5.4 
TMS004-90 21.3 0.6 19.9 14.1 -138.3 2032.1 21.3 0.6 
TMS004-91 1808.5 19.0 1789.3 10.7 1767.1 7.3 1767.1 7.3 
TMS004-93 1693.0 20.4 1687.9 11.6 1681.7 6.4 1681.7 6.4 
TMS004-94 1756.0 23.7 1755.7 14.7 1755.3 15.6 1755.3 15.6 
TMS004-95 1042.7 13.3 1040.0 12.4 1034.3 26.6 1034.3 26.6 
TMS004-96 1461.9 12.7 1473.0 11.5 1489.0 21.1 1489.0 21.1 
TMS004-97 317.5 2.6 319.1 8.9 330.7 71.4 317.5 2.6 
TMS004-98 561.9 3.1 566.2 5.2 583.7 22.7 561.9 3.1 
TMS004-99 1076.8 8.8 1071.7 24.1 1061.2 70.9 1061.2 70.9 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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209 
SAMPLE TMSS005 
Isotope Ratios: Sample TMSS005, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS005-1 39 12883 0.8 10.5775 2.4 3.5154 2.8 0.2697 1.4 0.51 
TMS005-2 178 67768 4.3 10.4505 0.8 3.5488 1.9 0.2690 1.8 0.92 
TMS005-4 494 40898 1.8 16.5421 0.5 0.8352 2.0 0.1002 1.9 0.96 
TMS005-5 154 82621 2.6 8.9973 0.4 5.0215 3.0 0.3277 3.0 0.99 
TMS005-6 211 50091 2.0 12.7271 0.7 2.1760 2.3 0.2009 2.2 0.96 
TMS005-7 105 42247 2.1 9.8442 0.7 4.2520 1.2 0.3036 0.9 0.80 
TMS005-9 112 29897 2.5 11.7906 0.8 2.5657 1.9 0.2194 1.7 0.89 
TMS005-10 397 130877 2.2 12.3325 0.4 2.4085 1.3 0.2154 1.3 0.95 
TMS005-11 329 31620 1.4 16.5650 1.1 0.8233 1.3 0.0989 0.6 0.49 
TMS005-12 49 20132 1.0 9.7302 1.1 4.2163 2.1 0.2975 1.8 0.84 
TMS005-13 177 20593 2.8 9.4852 0.7 4.2363 2.3 0.2914 2.2 0.95 
TMS005-14 94 47480 2.2 9.5926 0.7 4.3255 1.3 0.3009 1.0 0.83 
TMS005-15 274 22773 3.5 16.3220 1.4 0.8436 1.8 0.0999 1.2 0.65 
TMS005-17 149 40855 4.2 13.1168 0.6 1.9790 1.5 0.1883 1.4 0.92 
TMS005-18 147 22313 0.9 16.7860 1.7 0.7486 2.9 0.0911 2.3 0.81 
TMS005-20 20 9960 1.6 7.7992 2.4 6.7844 2.7 0.3838 1.2 0.46 
TMS005-21 135 61443 1.8 10.9173 0.7 3.2439 1.4 0.2569 1.2 0.88 
TMS005-22 70 20318 1.8 13.9793 2.1 1.7457 2.6 0.1770 1.5 0.60 
TMS005-23 92 35930 1.9 11.1852 0.8 3.0396 1.8 0.2466 1.6 0.91 
TMS005-24 35 267 0.2 7.9763 7.1 0.6922 7.1 0.0400 0.8 0.12 
TMS005-25 153 505 1.0 12.0566 33.9 0.0357 34.5 0.0031 6.5 0.19 
TMS005-28 149 16311 0.9 17.9009 3.7 0.5337 4.0 0.0693 1.5 0.38 
TMS005-29 148 72837 2.8 9.5833 0.5 4.5376 1.3 0.3154 1.2 0.91 
TMS005-30 305 33850 2.1 9.5185 0.8 4.0734 2.3 0.2812 2.2 0.94 
TMS005-32 11 6050 219.9 10.2951 4.6 4.0017 4.7 0.2988 0.9 0.19 
TMS005-33 157 61363 4.3 8.8701 0.5 5.0169 1.0 0.3227 0.8 0.84 
TMS005-34 144 59315 4.5 9.6037 0.4 4.4320 2.7 0.3087 2.6 0.99 
TMS005-35 159 80072 1.5 5.5240 0.1 12.9801 0.9 0.5200 0.9 0.99 
TMS005-37A 62 13099 5.0 15.1580 3.4 1.2019 3.6 0.1321 1.2 0.33 
TMS005-38 84 8832 3.2 19.1164 7.7 0.4765 7.9 0.0661 1.7 0.22 
TMS005-39 101 50349 2.9 11.3322 1.0 3.2105 2.2 0.2639 1.9 0.88 
TMS005-40 82 4184 2.1 17.6512 9.6 0.4873 9.8 0.0624 2.2 0.22 
TMS005-41 99 48275 2.3 9.6413 0.7 4.4002 1.0 0.3077 0.8 0.72 
TMS005-42 375 10285 0.6 20.4553 8.0 0.1627 8.0 0.0241 0.6 0.07 
TMS005-43 133 874 1.3 15.4314 113.4 0.0236 113.5 0.0026 5.6 0.05 
TMS005-44 56 52530 0.9 5.3505 0.4 13.6095 1.4 0.5281 1.4 0.97 
TMS005-45 38 14155 2.1 12.8571 3.4 2.0666 4.1 0.1927 2.3 0.57 
TMS005-46 325 57791 1.4 16.5175 1.1 0.8996 1.3 0.1078 0.7 0.55 
TMS005-47 190 24937 1.4 17.5651 2.6 0.6072 2.7 0.0774 0.8 0.31 
TMS005-48 160 4498 0.9 21.3574 9.1 0.0995 9.2 0.0154 1.5 0.16 
TMS005-49 244 10521 1.4 19.7494 5.1 0.2882 5.1 0.0413 0.7 0.14 
TMS005-50 250 21533 1.8 19.0139 4.3 0.3215 4.4 0.0443 0.6 0.14 
TMS005-51 343 9477 0.6 21.7943 10.1 0.0968 10.5 0.0153 2.9 0.28 
210 
Isotope Ratios: Sample TMSS005, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS005-53 384 36369 136.8 18.8531 2.4 0.3967 2.7 0.0542 1.3 0.49 
TMS005-54 172 930 1.5 4.6316 589.7 0.0881 589.7 0.0030 3.3 0.01 
TMS005-55 159 67329 3.0 10.0843 0.6 3.9945 1.6 0.2921 1.5 0.92 
TMS005-57 375 6190 4.0 21.8425 11.4 0.0640 11.5 0.0101 1.6 0.14 
TMS005-58 162 52763 3.0 12.7556 0.7 2.1865 2.1 0.2023 2.0 0.94 
TMS005-60 419 32179 2.4 9.2772 0.5 4.2755 4.9 0.2877 4.9 1.00 
TMS005-61 306 134086 5.9 9.5944 0.4 4.6408 0.8 0.3229 0.7 0.89 
TMS005-62 69 25872 1.4 11.1557 1.3 3.0757 1.9 0.2488 1.3 0.71 
TMS005-63 81 33708 3.1 11.3687 1.1 2.9748 1.6 0.2453 1.2 0.73 
TMS005-64 178 45898 3.0 12.6196 0.9 2.2365 1.9 0.2047 1.7 0.88 
TMS005-65 77 23201 3.0 13.7049 1.9 1.7062 2.2 0.1696 1.2 0.53 
TMS005-67 56 22799 1.5 12.5539 4.3 2.1380 4.9 0.1947 2.2 0.46 
TMS005-68 122 32927 1.0 11.1404 1.6 3.0099 2.9 0.2432 2.4 0.83 
TMS005-69 275 52672 4.1 16.6959 1.4 0.8426 2.5 0.1020 2.1 0.83 
TMS005-71 69 39560 1.4 9.6811 0.8 4.4352 2.2 0.3114 2.0 0.93 
TMS005-72 402 109134 1.9 13.7980 0.4 1.6795 1.4 0.1681 1.4 0.96 
TMS005-73 162 47996 3.8 13.7292 1.3 1.7226 1.7 0.1715 1.2 0.68 
TMS005-74 71 47475 3.7 7.3529 1.0 7.5490 2.7 0.4026 2.5 0.92 
TMS005-75 169 50953 3.3 13.9181 1.1 1.6540 1.8 0.1670 1.5 0.82 
TMS005-76 116 41276 5.2 12.7786 1.1 2.1892 2.2 0.2029 1.9 0.85 
TMS005-77 97 3367 1.6 22.1941 18.9 0.0972 19.1 0.0156 2.4 0.13 
TMS005-80 226 9693 1.0 19.7183 8.6 0.1828 8.7 0.0261 1.6 0.18 
TMS005-82 157 33680 4.0 16.3596 1.4 0.9262 2.3 0.1099 1.8 0.78 
TMS005-83 241 36837 3.7 17.6404 2.1 0.6156 2.8 0.0788 1.8 0.66 
TMS005-84 233 23262 1.6 18.4812 1.9 0.4253 2.2 0.0570 1.2 0.53 
TMS005-85 350 86847 5.3 13.7841 0.5 1.7120 1.3 0.1711 1.2 0.92 
TMS005-86 154 10124 2.4 20.3954 3.6 0.2539 3.7 0.0376 1.0 0.26 
TMS005-87 70 26030 1.4 9.6964 1.0 4.3563 1.5 0.3064 1.2 0.77 
TMS005-88 27 10224 1.1 11.5032 2.1 2.8233 2.5 0.2355 1.4 0.56 
TMS005-89 243 23318 4.0 18.2824 2.7 0.5049 2.8 0.0669 0.8 0.28 
TMS005-90 53 14500 2.2 13.6734 3.3 1.7855 3.6 0.1771 1.3 0.36 
TMS005-91 208 101941 6.1 8.8258 0.5 5.2427 1.3 0.3356 1.2 0.93 
TMS005-93 144 579 1.2 52.9448 86.1 0.0079 86.3 0.0030 4.7 0.05 
TMS005-94 160 11013 0.7 18.7217 4.1 0.4380 4.2 0.0595 0.9 0.23 
TMS005-95 72 31907 2.5 9.9564 0.6 3.9997 1.6 0.2888 1.4 0.92 
TMS005-96 266 14406 1.7 20.0034 3.0 0.2537 3.3 0.0368 1.3 0.39 
TMS005-98 123 55497 2.6 10.4750 0.6 3.6463 0.9 0.2770 0.7 0.76 
TMS005-99 246 62547 3.2 12.5103 0.7 2.2671 1.3 0.2057 1.1 0.85 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
211 
Apparent Ages: Sample TMSS005, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS005-1 1539.2 19.6 1530.7 22.1 1518.9 45.3 1518.9 45.3 
TMS005-2 1535.6 24.4 1538.2 15.3 1541.7 14.1 1541.7 14.1 
TMS005-4 615.6 11.3 616.5 9.2 619.8 11.8 615.6 11.3 
TMS005-5 1827.1 47.5 1823.0 25.5 1818.2 7.1 1818.2 7.1 
TMS005-6 1179.9 24.2 1173.4 16.3 1161.4 13.0 1161.4 13.0 
TMS005-7 1709.0 14.1 1684.1 9.7 1653.2 13.1 1653.2 13.1 
TMS005-9 1278.7 19.5 1290.9 13.8 1311.3 16.5 1311.3 16.5 
TMS005-10 1257.7 14.7 1245.1 9.7 1223.5 8.1 1223.5 8.1 
TMS005-11 608.0 3.6 609.9 5.9 616.8 24.2 608.0 3.6 
TMS005-12 1679.1 25.9 1677.2 17.1 1674.8 20.8 1674.8 20.8 
TMS005-13 1648.7 32.4 1681.1 19.2 1721.8 12.9 1721.8 12.9 
TMS005-14 1695.9 15.6 1698.2 10.4 1701.1 12.9 1701.1 12.9 
TMS005-15 613.6 7.0 621.1 8.5 648.6 30.1 613.6 7.0 
TMS005-17 1112.0 13.9 1108.4 10.0 1101.3 11.4 1101.3 11.4 
TMS005-18 562.3 12.6 567.4 12.5 588.1 36.5 562.3 12.6 
TMS005-20 2093.8 21.9 2083.7 23.6 2073.7 41.8 2073.7 41.8 
TMS005-21 1473.7 15.9 1467.7 10.7 1459.0 12.4 1459.0 12.4 
TMS005-22 1050.5 14.9 1025.6 16.6 972.7 42.1 972.7 42.1 
TMS005-23 1420.8 20.7 1417.6 13.7 1412.8 14.4 1412.8 14.4 
TMS005-24 253.1 2.1 534.1 29.6 2034.0 125.3 2034.0 125.3 
TMS005-25 20.1 1.3 35.6 12.1 1267.9 680.8 20.1 1.3 
TMS005-28 431.9 6.4 434.3 14.2 446.9 82.9 431.9 6.4 
TMS005-29 1767.2 17.9 1737.9 10.7 1702.8 10.0 1702.8 10.0 
TMS005-30 1597.4 30.9 1649.0 19.0 1715.3 15.0 1715.3 15.0 
TMS005-32 1685.3 13.4 1634.5 37.8 1569.8 85.6 1569.8 85.6 
TMS005-33 1803.1 13.1 1822.2 8.4 1844.0 9.8 1844.0 9.8 
TMS005-34 1734.3 39.8 1718.3 22.0 1698.9 8.2 1698.9 8.2 
TMS005-35 2699.3 20.6 2678.2 8.9 2662.3 2.1 2662.3 2.1 
TMS005-37A 800.0 9.0 801.5 20.0 805.5 71.4 800.0 9.0 
TMS005-38 412.4 6.8 395.7 25.7 299.0 175.1 412.4 6.8 
TMS005-39 1509.6 25.9 1459.7 16.8 1387.8 19.5 1387.8 19.5 
TMS005-40 390.1 8.3 403.1 32.8 478.0 212.5 390.1 8.3 
TMS005-41 1729.3 11.5 1712.4 8.6 1691.7 13.3 1691.7 13.3 
TMS005-42 153.8 0.9 153.1 11.3 142.4 187.1 153.8 0.9 
TMS005-43 17.0 0.9 23.6 26.5 767.9 560.6 17.0 0.9 
TMS005-44 2733.6 30.9 2722.9 13.5 2715.0 6.0 2715.0 6.0 
TMS005-45 1136.0 24.2 1137.8 28.0 1141.2 67.0 1141.2 67.0 
TMS005-46 659.8 4.6 651.5 6.4 623.0 24.1 659.8 4.6 
TMS005-47 480.3 3.8 481.8 10.3 488.8 56.5 480.3 3.8 
TMS005-48 98.6 1.5 96.4 8.5 40.2 218.4 98.6 1.5 
TMS005-49 260.7 1.9 257.1 11.6 224.2 117.0 260.7 1.9 
TMS005-50 279.7 1.7 283.1 10.8 311.3 98.3 279.7 1.7 
TMS005-51 97.9 2.8 93.8 9.4 -8.5 244.0 97.9 2.8 
TMS005-53 340.5 4.4 339.3 7.9 330.6 53.9 340.5 4.4 
TMS005-54 19.1 0.6 85.8 527.9 2950.4 514.9 2950.4 514.9 
212 
Apparent Ages: Sample TMSS005, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS005-55 1652.3 22.1 1633.1 13.3 1608.4 11.6 1608.4 11.6 
TMS005-57 65.1 1.0 63.0 7.0 -13.8 275.1 65.1 1.0 
TMS005-58 1187.5 21.6 1176.8 14.8 1156.9 14.3 1156.9 14.3 
TMS005-60 1629.9 70.5 1688.7 40.5 1762.4 8.7 1762.4 8.7 
TMS005-61 1804.0 11.5 1756.6 6.8 1700.7 6.9 1700.7 6.9 
TMS005-62 1432.5 17.2 1426.7 14.5 1417.9 25.4 1417.9 25.4 
TMS005-63 1414.1 14.9 1401.2 12.2 1381.6 21.2 1381.6 21.2 
TMS005-64 1200.5 18.6 1192.6 13.5 1178.2 17.8 1178.2 17.8 
TMS005-65 1009.9 11.0 1010.9 14.2 1013.0 38.0 1013.0 38.0 
TMS005-67 1146.6 23.6 1161.2 33.8 1188.5 85.7 1188.5 85.7 
TMS005-68 1403.3 30.0 1410.1 21.8 1420.5 30.4 1420.5 30.4 
TMS005-69 626.3 12.6 620.6 11.8 599.8 30.8 626.3 12.6 
TMS005-71 1747.7 30.9 1718.9 18.0 1684.1 15.1 1684.1 15.1 
TMS005-72 1001.5 12.6 1000.8 9.0 999.3 7.5 999.3 7.5 
TMS005-73 1020.5 11.0 1017.0 11.0 1009.4 25.4 1009.4 25.4 
TMS005-74 2180.9 46.0 2178.8 24.1 2176.9 17.9 2176.9 17.9 
TMS005-75 995.3 13.9 991.1 11.6 981.7 21.5 981.7 21.5 
TMS005-76 1190.8 20.2 1177.6 15.2 1153.4 22.4 1153.4 22.4 
TMS005-77 100.1 2.4 94.2 17.1 -52.5 463.6 100.1 2.4 
TMS005-80 166.4 2.6 170.5 13.7 227.8 198.3 166.4 2.6 
TMS005-82 672.1 11.3 665.6 11.0 643.7 30.2 672.1 11.3 
TMS005-83 488.7 8.7 487.1 10.8 479.4 46.6 488.7 8.7 
TMS005-84 357.4 4.1 359.8 6.8 375.6 42.9 357.4 4.1 
TMS005-85 1018.4 11.5 1013.0 8.6 1001.3 10.9 1001.3 10.9 
TMS005-86 237.7 2.3 229.7 7.7 149.3 84.7 237.7 2.3 
TMS005-87 1722.7 18.0 1704.1 12.7 1681.2 18.0 1681.2 18.0 
TMS005-88 1363.5 17.4 1361.7 18.8 1359.0 40.1 1359.0 40.1 
TMS005-89 417.7 3.1 415.0 9.4 399.9 59.6 417.7 3.1 
TMS005-90 1050.9 12.6 1040.2 23.3 1017.7 67.5 1017.7 67.5 
TMS005-91 1865.4 20.1 1859.6 11.4 1853.1 9.0 1853.1 9.0 
TMS005-93 19.6 0.9 8.0 6.9 -2895.2 1090.4 19.6 0.9 
TMS005-94 372.4 3.4 368.9 13.0 346.4 92.5 372.4 3.4 
TMS005-95 1635.6 20.9 1634.1 12.7 1632.2 11.1 1632.2 11.1 
TMS005-96 233.0 2.9 229.6 6.7 194.6 69.8 233.0 2.9 
TMS005-98 1576.3 9.6 1559.7 7.2 1537.3 11.2 1537.3 11.2 
TMS005-99 1205.9 11.8 1202.1 8.9 1195.4 13.0 1195.4 13.0 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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SAMPLE TMSS008 
Isotope Ratios: Sample TMSS008, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS008-1 95 33600 2.6 11.0509 0.8 3.1615 2.4 0.2534 2.2 0.94 
TMS008-2 221 29317 2.8 16.6861 2.6 0.8409 3.8 0.1018 2.8 0.74 
TMS008-3A 282 1388 0.8 18.6070 106.3 0.0231 106.3 0.0031 2.2 0.02 
TMS008-4 83 32004 1.4 6.0892 0.3 10.9918 1.8 0.4854 1.7 0.98 
TMS008-5 133 41890 1.9 5.2939 1.1 12.8594 3.3 0.4937 3.1 0.94 
TMS008-7 269 22019 1.7 19.0977 3.4 0.4103 3.8 0.0568 1.7 0.45 
TMS008-8 53 33226 1.4 6.0643 0.7 10.2063 1.4 0.4489 1.2 0.87 
TMS008-9 142 20714 2.5 16.8869 2.5 0.8242 2.9 0.1009 1.4 0.47 
TMS008-11 274 9740 0.8 20.0534 8.4 0.1632 8.6 0.0237 1.4 0.17 
TMS008-12 223 26429 3.2 11.2548 1.2 2.8739 3.4 0.2346 3.2 0.94 
TMS008-14 117 28215 2.6 13.1941 1.4 1.9238 2.4 0.1841 2.0 0.81 
TMS008-15 190 89283 4.0 9.5175 0.3 4.5147 1.6 0.3116 1.6 0.99 
TMS008-16 164 8015 2.1 19.7061 6.8 0.2630 6.9 0.0376 1.2 0.17 
TMS008-17 160 71245 1.4 8.9978 0.4 4.9329 2.1 0.3219 2.0 0.98 
TMS008-19 310 32267 2.0 18.0935 3.0 0.5225 4.0 0.0686 2.7 0.67 
TMS008-20 227 59774 3.0 13.2862 0.6 1.8456 2.3 0.1778 2.2 0.97 
TMS008-22 310 556 0.9 15.3389 77.3 0.0275 77.6 0.0031 6.4 0.08 
TMS008-23 86 24881 4.0 13.3275 2.3 1.8189 3.0 0.1758 1.8 0.61 
TMS008-24 608 82259 1.7 16.5157 0.7 0.8359 2.8 0.1001 2.7 0.97 
TMS008-25 93 49095 3.9 8.7024 0.9 5.4188 1.5 0.3420 1.2 0.82 
TMS008-26 29 5416 0.6 10.9060 3.1 3.1535 3.7 0.2494 2.1 0.57 
TMS008-27 52 29282 1.1 9.6844 0.6 4.4674 2.2 0.3138 2.1 0.96 
TMS008-29 353 1097 0.9 29.5294 37.4 0.0137 37.7 0.0029 4.9 0.13 
TMS008-31 384 958 0.6 21.6113 39.2 0.0191 39.3 0.0030 3.1 0.08 
TMS008-32 168 872 1.3 17.7163 90.7 0.0237 90.7 0.0030 1.9 0.02 
TMS008-33 422 204006 2.8 9.5864 0.3 4.4000 2.6 0.3059 2.6 0.99 
TMS008-34 163 72825 1.3 9.6084 0.7 4.4561 2.0 0.3105 1.9 0.94 
TMS008-36 718 51410 6.6 19.0057 1.4 0.3688 2.7 0.0508 2.3 0.85 
TMS008-37 431 8900 1.3 22.5404 9.4 0.0807 9.5 0.0132 1.2 0.13 
TMS008-38 87 47387 1.2 9.8706 0.9 4.2104 3.0 0.3014 2.8 0.96 
TMS008-39 364 37240 1.2 18.2998 1.8 0.5200 3.7 0.0690 3.2 0.87 
TMS008-40 562 83368 8.0 16.4836 1.0 0.8413 3.2 0.1006 3.0 0.95 
TMS008-41 191 926 1.3 -0.5849 2574.7 -0.6722 2574.7 0.0029 3.4 0.00 
TMS008-44 187 852 1.0 18.5177 34.5 0.0219 34.8 0.0029 4.1 0.12 
TMS008-45 280 15912 1.5 18.1757 2.8 0.4618 3.2 0.0609 1.4 0.46 
TMS008-46 213 1187 0.8 30.4911 104.8 0.0137 104.9 0.0030 2.6 0.02 
TMS008-47 255 15164 1.2 20.5490 5.0 0.2364 5.4 0.0352 2.0 0.38 
TMS008-48 602 125058 2.1 9.3708 0.3 4.4229 5.4 0.3006 5.4 1.00 
TMS008-49 308 99391 2.6 12.3161 0.6 2.3408 1.7 0.2091 1.6 0.93 
TMS008-51 136 533 1.2 10.6152 125.4 0.0413 125.5 0.0032 5.6 0.04 
TMS008-53 135 31463 3.0 13.4831 1.2 1.8138 1.7 0.1774 1.2 0.72 
TMS008-54 71 19471 3.1 12.8292 2.4 2.1405 2.6 0.1992 0.9 0.36 
TMS008-55 191 36911 9.8 13.8826 1.4 1.5209 2.2 0.1531 1.7 0.76 
216 
Isotope Ratios: Sample TMSS008, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS008-56 11 971 261.5 26.8158 41.1 0.2981 41.3 0.0580 3.9 0.09 
TMS008-57 54 11215 2.5 14.0016 2.9 1.7005 3.1 0.1727 1.1 0.37 
TMS008-59 81 52642 0.8 5.0419 0.3 14.7948 1.4 0.5410 1.4 0.97 
TMS008-66 662 18599 3.2 18.4628 8.5 0.2763 8.5 0.0370 1.1 0.13 
TMS008-67 456 1461 0.9 28.8968 39.1 0.0151 39.2 0.0032 2.0 0.05 
TMS008-69 211 24511 1.6 16.4133 2.4 0.8682 3.2 0.1033 2.1 0.66 
TMS008-70 215 563 1.3 13.8296 58.8 0.0326 59.4 0.0033 8.9 0.15 
TMS008-71 197 34898 2.4 14.2519 1.1 1.5929 1.4 0.1646 0.8 0.55 
TMS008-72 331 25569 2.1 15.9856 14.9 0.3716 16.3 0.0431 6.5 0.40 
TMS008-73 402 26886 2.5 17.6833 1.1 0.6034 1.7 0.0774 1.2 0.74 
TMS008-74 140 759 1.2 3.1882 482.7 0.1279 482.7 0.0030 6.9 0.01 
TMS008-76 140 46473 3.6 12.6911 1.4 2.1776 2.7 0.2004 2.3 0.86 
TMS008-78 50 25883 2.1 9.5963 1.3 4.4945 1.4 0.3128 0.6 0.46 
TMS008-79 193 18192 2.3 12.8276 4.9 1.9571 5.0 0.1821 0.4 0.09 
TMS008-80 184 705 1.2 12.6150 170.5 0.0325 170.5 0.0030 5.7 0.03 
TMS008-82 1293 4267 1.0 23.5121 11.6 0.0177 12.0 0.0030 2.9 0.24 
TMS008-83 138 40330 1.1 12.5540 0.7 2.3594 2.6 0.2148 2.4 0.96 
TMS008-84 219 1211 0.9 52.4304 34.1 0.0083 34.3 0.0032 3.8 0.11 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
Apparent Ages: Sample TMSS008, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS008-1 1455.9 29.0 1447.8 18.2 1435.9 15.2 1435.9 15.2 
TMS008-2 624.8 16.8 619.6 17.7 601.0 55.7 624.8 16.8 
TMS008-3A 20.1 0.4 23.2 24.4 360.3 807.8 20.1 0.4 
TMS008-4 2550.9 36.4 2522.4 16.4 2499.6 5.2 2499.6 5.2 
TMS008-5 2586.8 65.4 2669.4 30.6 2732.6 17.7 2732.6 17.7 
TMS008-7 356.3 6.0 349.1 11.2 301.3 76.8 356.3 6.0 
TMS008-8 2390.4 23.5 2453.7 12.5 2506.5 11.1 2506.5 11.1 
TMS008-9 619.9 8.0 610.4 13.2 575.1 55.0 619.9 8.0 
TMS008-11 151.2 2.1 153.5 12.2 188.8 196.6 151.2 2.1 
TMS008-12 1358.5 39.2 1375.1 25.8 1400.9 23.2 1400.9 23.2 
TMS008-14 1089.3 19.8 1089.4 16.2 1089.6 28.4 1089.6 28.4 
TMS008-15 1748.8 24.8 1733.7 13.6 1715.5 4.9 1715.5 4.9 
TMS008-16 237.8 2.8 237.1 14.5 229.3 156.5 237.8 2.8 
TMS008-17 1799.1 31.7 1807.9 17.3 1818.1 6.7 1818.1 6.7 
TMS008-19 427.5 11.0 426.8 13.9 423.1 65.9 427.5 11.0 
TMS008-20 1055.2 21.6 1061.9 15.1 1075.6 12.0 1075.6 12.0 
TMS008-22 19.7 1.3 27.5 21.0 780.6 1988.3 19.7 1.3 
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Apparent Ages: Sample TMSS008, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS008-23 1044.1 17.6 1052.3 19.5 1069.4 47.2 1069.4 47.2 
TMS008-24 615.1 15.8 616.9 12.9 623.2 15.4 615.1 15.8 
TMS008-25 1896.3 20.4 1887.8 13.0 1878.5 15.6 1878.5 15.6 
TMS008-26 1435.6 27.3 1445.9 28.7 1461.0 58.3 1461.0 58.3 
TMS008-27 1759.3 32.6 1724.9 18.4 1683.5 11.9 1683.5 11.9 
TMS008-29 18.9 0.9 13.8 5.2 -801.3 1091.4 18.9 0.9 
TMS008-31 19.3 0.6 19.3 7.5 11.8 975.4 19.3 0.6 
TMS008-32 19.6 0.4 23.7 21.3 469.9 600.1 19.6 0.4 
TMS008-33 1720.6 39.6 1712.3 21.9 1702.3 5.9 1702.3 5.9 
TMS008-34 1743.3 28.8 1722.8 16.6 1698.0 12.4 1698.0 12.4 
TMS008-36 319.6 7.2 318.7 7.4 312.3 32.2 319.6 7.2 
TMS008-37 84.5 1.0 78.8 7.2 -90.4 232.1 84.5 1.0 
TMS008-38 1698.3 42.2 1676.0 24.3 1648.2 16.0 1648.2 16.0 
TMS008-39 430.2 13.4 425.2 12.8 397.7 40.4 430.2 13.4 
TMS008-40 617.8 17.7 619.9 14.7 627.4 20.6 617.8 17.7 
TMS008-41 18.4 0.6 -1132.6 #NUM! 0.0 450.6 18.4 0.6 
TMS008-44 18.9 0.8 22.0 7.6 371.1 799.6 18.9 0.8 
TMS008-45 381.0 5.3 385.5 10.1 413.0 62.8 381.0 5.3 
TMS008-46 19.5 0.5 13.8 14.4 -893.1 0.0 19.5 0.5 
TMS008-47 223.2 4.5 215.5 10.5 131.7 117.4 223.2 4.5 
TMS008-48 1694.3 80.1 1716.6 44.6 1744.0 6.4 1744.0 6.4 
TMS008-49 1224.0 17.4 1224.8 11.9 1226.1 11.9 1226.1 11.9 
TMS008-51 20.5 1.1 41.1 50.6 1512.2 119.3 20.5 1.1 
TMS008-53 1052.6 11.7 1050.4 11.0 1046.0 23.4 1046.0 23.4 
TMS008-54 1170.8 10.1 1162.0 18.0 1145.5 48.3 1145.5 48.3 
TMS008-55 918.5 14.3 938.8 13.5 986.9 29.4 986.9 29.4 
TMS008-56 363.3 13.6 264.9 96.6 -535.4 1143.9 363.3 13.6 
TMS008-57 1026.9 10.8 1008.7 19.9 969.4 59.1 969.4 59.1 
TMS008-59 2787.7 31.1 2802.1 13.4 2812.6 5.1 2812.6 5.1 
TMS008-66 234.2 2.5 247.7 18.8 377.8 190.7 234.2 2.5 
TMS008-67 20.4 0.4 15.2 5.9 -740.2 1131.6 20.4 0.4 
TMS008-69 634.0 12.9 634.6 15.2 636.7 51.6 634.0 12.9 
TMS008-70 21.0 1.9 32.6 19.0 994.6 1317.6 21.0 1.9 
TMS008-71 982.5 6.9 967.4 8.5 933.2 23.5 933.2 23.5 
TMS008-72 271.9 17.2 320.9 44.8 693.2 319.7 271.9 17.2 
TMS008-73 480.5 5.7 479.4 6.3 474.1 24.6 480.5 5.7 
TMS008-74 19.0 1.3 122.2 624.1 3539.0 182.0 3539.0 182.0 
TMS008-76 1177.7 25.1 1173.9 18.8 1167.0 26.9 1167.0 26.9 
TMS008-78 1754.5 9.9 1730.0 11.8 1700.3 23.2 1700.3 23.2 
TMS008-79 1078.3 4.3 1100.9 33.3 1145.8 98.1 1145.8 98.1 
TMS008-80 19.1 1.1 32.5 54.5 1178.9 615.4 19.1 1.1 
TMS008-82 19.5 0.6 17.8 2.1 -194.9 291.8 19.5 0.6 
TMS008-83 1254.5 27.9 1230.4 18.3 1188.5 14.6 1188.5 14.6 
TMS008-84 20.4 0.8 8.4 2.9 -2849.6 635.2 20.4 0.8 
 
218 
Apparent Ages: Sample TMSS008, Muddy Creek Formation, Nevada – continued 
 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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SAMPLE TMSS009 
Isotope Ratios: Sample TMSS009, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS009-1 38 11639 2.0 13.8776 4.2 1.7039 4.5 0.1715 1.7 0.37 
TMS009-3 239 1585 1.1 4.0991 489.2 0.1121 489.2 0.0033 3.6 0.01 
TMS009-4 582 68394 2.3 9.3199 0.3 4.2192 1.6 0.2852 1.5 0.98 
TMS009-5 348 12529 1.6 20.2633 6.0 0.1738 6.3 0.0255 1.9 0.30 
TMS009-6 230 102811 2.4 9.6403 0.3 4.3133 2.0 0.3016 2.0 0.99 
TMS009-7 456 180784 1.3 9.6198 0.2 4.5274 2.6 0.3159 2.5 1.00 
TMS009-8 101 58837 1.7 9.7002 0.6 4.3509 3.1 0.3061 3.0 0.98 
TMS009-9 297 165710 2.0 9.0542 0.2 5.2789 2.4 0.3466 2.4 1.00 
TMS009-11 91 36970 3.1 12.3121 2.5 2.3659 2.8 0.2113 1.3 0.48 
TMS009-12 666 17021 2.5 20.7653 2.8 0.1047 3.6 0.0158 2.2 0.61 
TMS009-13 88 26896 3.2 13.8653 2.5 1.6452 3.4 0.1654 2.3 0.67 
TMS009-14 235 113040 1.4 9.8110 0.2 4.3122 2.2 0.3068 2.2 1.00 
TMS009-15 90 47121 3.1 11.4334 1.2 2.9594 2.1 0.2454 1.8 0.82 
TMS009-16 35 14366 1.4 13.6548 4.4 1.8697 4.8 0.1852 1.9 0.40 
TMS009-17 250 1663 0.8 23.6775 36.9 0.0177 37.1 0.0030 3.7 0.10 
TMS009-18 249 47840 1.4 16.4049 1.8 0.8977 2.1 0.1068 1.2 0.56 
TMS009-20 232 55084 11.5 16.5391 2.2 0.8508 3.5 0.1021 2.7 0.77 
TMS009-21 193 1112 1.2 22.3330 47.6 0.0179 47.9 0.0029 5.7 0.12 
TMS009-23 60 22968 1.4 13.2673 2.3 1.9427 3.1 0.1869 2.1 0.67 
TMS009-24 177 1333 1.0 8.5577 205.2 0.0417 205.2 0.0026 5.3 0.03 
TMS009-25 312 2164 0.7 23.0966 41.1 0.0191 41.1 0.0032 1.3 0.03 
TMS009-27 279 4583 0.5 18.3857 10.8 0.1158 11.0 0.0154 2.3 0.21 
TMS009-29 205 14023 2.0 20.6463 7.0 0.2330 7.0 0.0349 0.8 0.11 
TMS009-30 261 20684 1.1 19.9493 5.0 0.2410 5.7 0.0349 2.7 0.48 
TMS009-31 130 56615 1.9 11.2039 0.9 3.0725 1.8 0.2497 1.6 0.88 
TMS009-32 821 26423 2.5 21.1009 4.4 0.0997 4.9 0.0153 2.2 0.44 
TMS009-33 311 2771 0.7 25.2407 60.7 0.0197 60.7 0.0036 1.6 0.03 
TMS009-34 252 13660 1.7 21.3424 4.8 0.1672 5.0 0.0259 1.3 0.26 
TMS009-35 184 79049 3.0 11.3083 0.6 2.8721 2.6 0.2356 2.5 0.97 
TMS009-36 192 18544 1.8 20.2583 5.4 0.2536 5.5 0.0373 1.1 0.20 
TMS009-37 79 74341 0.6 5.9591 0.4 11.3901 2.3 0.4923 2.3 0.99 
TMS009-38 290 36092 2.3 18.5527 2.3 0.4607 3.7 0.0620 2.9 0.78 
TMS009-39 299 26896 2.0 19.9525 2.9 0.2695 4.0 0.0390 2.8 0.70 
TMS009-40 244 1840 1.1 22.9484 42.1 0.0194 42.5 0.0032 5.9 0.14 
TMS009-41 556 2743 2.3 19.8398 15.8 0.0366 15.9 0.0053 2.3 0.15 
TMS009-43 1119 339780 4.2 13.2478 0.2 1.9653 1.9 0.1888 1.9 0.99 
TMS009-44 679 49501 6.2 19.6633 1.5 0.2569 2.9 0.0366 2.5 0.86 
TMS009-46 313 129762 4.6 13.7736 0.7 1.6584 3.3 0.1657 3.3 0.98 
TMS009-48 75 39563 0.7 9.7204 1.1 4.2146 2.4 0.2971 2.1 0.89 
TMS009-49 259 8290 1.5 20.0958 11.1 0.1031 11.3 0.0150 2.1 0.18 
TMS009-50 46 21109 1.5 13.2152 4.1 1.9054 5.3 0.1826 3.3 0.63 
TMS009-51 287 32410 1.6 17.8572 2.9 0.5166 3.2 0.0669 1.4 0.44 
TMS009-52 125 16684 1.5 18.6269 5.0 0.4562 5.4 0.0616 1.9 0.36 
222 
Isotope Ratios: Sample TMSS009, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS009-53 70 26132 0.6 13.7748 2.8 1.6121 3.4 0.1611 2.1 0.60 
TMS009-54 325 44514 37.2 16.4424 0.9 0.8583 1.6 0.1024 1.3 0.82 
TMS009-56 281 158410 1.6 9.3991 0.4 4.4433 1.2 0.3029 1.2 0.95 
TMS009-57 159 6155 0.8 19.9549 19.4 0.1010 19.6 0.0146 2.7 0.14 
TMS009-58 1320 86105 27.5 13.6333 0.5 1.7238 2.7 0.1704 2.6 0.98 
TMS009-59 278 84349 2.2 9.6139 0.5 4.4591 3.2 0.3109 3.2 0.99 
TMS009-60 158 62601 2.4 13.4129 0.8 1.8528 2.5 0.1802 2.4 0.95 
TMS009-61 121 32061 1.4 13.5930 1.1 1.8043 2.1 0.1779 1.8 0.86 
TMS009-62 75 53794 1.4 9.7348 0.8 4.5363 1.4 0.3203 1.2 0.83 
TMS009-63 381 615 0.8 14.7749 42.5 0.0184 43.7 0.0020 9.9 0.23 
TMS009-64 303 59992 1.3 5.5884 0.3 12.2478 0.4 0.4964 0.3 0.68 
TMS009-65 31 12174 1.0 13.3577 4.3 1.9488 4.8 0.1888 2.2 0.45 
TMS009-66 43 66717 1.3 4.4494 0.5 18.7804 2.2 0.6060 2.1 0.97 
TMS009-68 193 8245 1.2 24.4807 17.0 0.0862 17.4 0.0153 3.5 0.20 
TMS009-70 188 1360 0.9 10.8161 134.9 0.0358 135.0 0.0028 5.3 0.04 
TMS009-72 69 37356 2.5 11.9270 1.9 2.6426 2.8 0.2286 2.1 0.74 
TMS009-74 211 1572 0.9 15.4907 76.8 0.0278 77.1 0.0031 6.7 0.09 
TMS009-75 125 55746 2.8 13.4614 1.3 1.8408 3.8 0.1797 3.5 0.94 
TMS009-76 245 1953 1.3 15.0386 51.6 0.0251 51.8 0.0027 4.3 0.08 
TMS009-78 39 15080 0.7 13.3596 3.4 1.8789 3.7 0.1820 1.6 0.43 
TMS009-79 162 74528 2.7 12.5185 0.7 2.1678 2.2 0.1968 2.1 0.95 
TMS009-80 498 30497 1.5 18.5061 1.5 0.4558 2.1 0.0612 1.5 0.70 
TMS009-81 153 56497 2.1 13.4412 1.6 1.9005 4.7 0.1853 4.5 0.94 
TMS009-82 152 99293 2.2 9.5860 0.7 4.5698 1.9 0.3177 1.8 0.93 
TMS009-83 372 11089 0.8 20.1164 13.4 0.1046 15.6 0.0153 8.1 0.52 
TMS009-84 286 21316 2.5 20.2841 4.2 0.2440 5.1 0.0359 2.9 0.57 
TMS009-86 727 50752 3.6 10.9988 0.9 3.0662 2.3 0.2446 2.1 0.91 
TMS009-87 380 52001 1.7 18.4126 1.6 0.5105 3.3 0.0682 2.9 0.87 
TMS009-89 184 70793 4.1 8.7368 0.7 4.8573 1.1 0.3078 0.8 0.78 
TMS009-90 345 124048 1.3 9.5274 0.3 4.3154 1.5 0.2982 1.5 0.98 
TMS009-91 1125 104832 10.0 9.8253 0.4 3.0033 2.6 0.2140 2.5 0.99 
TMS009-92 246 21622 1.0 19.6130 2.6 0.2439 4.0 0.0347 3.1 0.76 
TMS009-93 474 160946 2.1 13.2594 0.4 1.9339 3.1 0.1860 3.0 0.99 
TMS009-94 167 72806 2.4 12.2514 0.7 2.3266 2.6 0.2067 2.5 0.96 
TMS009-95 108 65823 1.4 9.6897 1.3 4.5716 1.6 0.3213 0.9 0.59 
TMS009-96 62 89358 2.2 4.9260 0.4 15.4421 3.1 0.5517 3.1 0.99 
TMS009-97 91 67401 1.0 9.7041 0.5 4.4753 2.0 0.3150 1.9 0.96 
TMS009-98 57 58601 1.0 5.0705 0.5 14.9025 3.1 0.5480 3.1 0.99 
TMS009-99 98 46508 1.6 13.3835 1.7 1.8656 2.6 0.1811 2.0 0.76 
TMS009-100 626 283868 1.5 10.9341 0.2 3.2659 3.2 0.2590 3.2 1.00 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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Apparent Ages: Sample TMSS009, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS009-1 1020.3 15.8 1010.0 28.8 987.6 85.1 987.6 85.1 
TMS009-3 21.5 0.8 107.9 548.7 3145.9 131.3 3145.9 131.3 
TMS009-4 1617.5 22.0 1677.8 12.9 1754.0 6.3 1754.0 6.3 
TMS009-5 162.6 3.1 162.7 9.5 164.5 141.4 162.6 3.1 
TMS009-6 1699.1 29.2 1695.9 16.3 1691.9 5.2 1691.9 5.2 
TMS009-7 1769.6 39.4 1736.0 21.3 1695.8 3.7 1695.8 3.7 
TMS009-8 1721.5 45.5 1703.1 25.4 1680.5 11.5 1680.5 11.5 
TMS009-9 1918.6 39.4 1865.4 20.3 1806.8 3.1 1806.8 3.1 
TMS009-11 1235.6 15.2 1232.4 20.0 1226.8 48.2 1226.8 48.2 
TMS009-12 100.8 2.2 101.1 3.4 107.0 66.4 100.8 2.2 
TMS009-13 987.0 20.8 987.7 21.4 989.4 51.1 989.4 51.1 
TMS009-14 1725.1 32.8 1695.7 17.9 1659.5 3.9 1659.5 3.9 
TMS009-15 1414.7 22.3 1397.3 16.2 1370.7 23.4 1370.7 23.4 
TMS009-16 1095.1 19.5 1070.4 32.1 1020.4 90.1 1020.4 90.1 
TMS009-17 19.5 0.7 17.8 6.5 -212.5 954.6 19.5 0.7 
TMS009-18 654.2 7.4 650.5 10.2 637.8 37.8 654.2 7.4 
TMS009-20 626.5 16.1 625.1 16.2 620.2 47.5 626.5 16.1 
TMS009-21 18.6 1.1 18.0 8.5 -67.8 1224.3 18.6 1.1 
TMS009-23 1104.8 21.2 1095.9 20.8 1078.5 46.1 1078.5 46.1 
TMS009-24 16.7 0.9 41.5 83.6 1908.6 232.5 1908.6 232.5 
TMS009-25 20.6 0.3 19.2 7.8 -150.5 1058.8 20.6 0.3 
TMS009-27 98.8 2.3 111.2 11.6 387.2 242.4 98.8 2.3 
TMS009-29 221.1 1.7 212.7 13.4 120.6 164.2 221.1 1.7 
TMS009-30 220.9 5.9 219.2 11.2 200.9 116.3 220.9 5.9 
TMS009-31 1436.8 20.4 1425.9 13.8 1409.6 16.5 1409.6 16.5 
TMS009-32 97.6 2.1 96.5 4.5 69.0 105.7 97.6 2.1 
TMS009-33 23.2 0.4 19.8 11.9 -375.7 1723.5 23.2 0.4 
TMS009-34 164.7 2.1 157.0 7.2 41.8 114.9 164.7 2.1 
TMS009-35 1363.6 30.9 1374.6 19.5 1391.8 11.7 1391.8 11.7 
TMS009-36 235.8 2.6 229.5 11.3 165.1 126.4 235.8 2.6 
TMS009-37 2580.5 49.1 2555.6 21.9 2535.9 6.3 2535.9 6.3 
TMS009-38 387.7 10.8 384.8 11.8 366.9 52.2 387.7 10.8 
TMS009-39 246.6 6.8 242.3 8.6 200.5 66.2 246.6 6.8 
TMS009-40 20.7 1.2 19.5 8.2 -134.6 1082.6 20.7 1.2 
TMS009-41 33.8 0.8 36.5 5.7 213.7 367.0 33.8 0.8 
TMS009-43 1115.0 19.8 1103.7 13.1 1081.4 4.8 1081.4 4.8 
TMS009-44 231.9 5.7 232.1 6.1 234.3 34.8 231.9 5.7 
TMS009-46 988.2 29.9 992.8 21.1 1002.9 13.7 1002.9 13.7 
TMS009-48 1677.1 31.2 1676.9 19.6 1676.6 20.5 1676.6 20.5 
TMS009-49 96.1 2.0 99.6 10.7 183.9 259.1 96.1 2.0 
TMS009-50 1081.3 33.3 1083.0 35.4 1086.4 82.7 1086.4 82.7 
TMS009-51 417.5 5.7 422.9 11.0 452.3 63.5 417.5 5.7 
TMS009-52 385.6 7.2 381.6 17.1 357.9 113.7 385.6 7.2 
TMS009-53 962.6 18.4 974.9 21.6 1002.7 56.1 1002.7 56.1 
TMS009-54 628.2 8.0 629.2 7.6 632.8 19.8 628.2 8.0 
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Apparent Ages: Sample TMSS009, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS009-56 1705.7 17.7 1720.5 10.3 1738.5 7.2 1738.5 7.2 
TMS009-57 93.5 2.5 97.7 18.3 200.2 455.2 93.5 2.5 
TMS009-58 1014.6 24.5 1017.5 17.1 1023.6 9.6 1023.6 9.6 
TMS009-59 1745.2 48.8 1723.4 26.7 1697.0 8.3 1697.0 8.3 
TMS009-60 1068.3 23.2 1064.4 16.4 1056.5 16.1 1056.5 16.1 
TMS009-61 1055.4 17.4 1047.0 13.7 1029.6 21.8 1029.6 21.8 
TMS009-62 1791.1 18.6 1737.6 12.0 1673.9 15.0 1673.9 15.0 
TMS009-63 12.7 1.3 18.5 8.0 858.8 924.4 12.7 1.3 
TMS009-64 2598.4 6.0 2623.6 3.9 2643.1 5.1 2643.1 5.1 
TMS009-65 1114.9 22.2 1098.0 32.1 1064.8 85.7 1064.8 85.7 
TMS009-66 3054.1 51.6 3030.6 21.0 3015.0 8.0 3015.0 8.0 
TMS009-68 97.9 3.4 84.0 14.0 -297.0 436.8 97.9 3.4 
TMS009-70 18.1 0.9 35.7 47.4 1476.7 196.4 18.1 0.9 
TMS009-72 1327.1 25.0 1312.6 20.8 1288.9 36.9 1288.9 36.9 
TMS009-74 20.1 1.3 27.8 21.2 759.8 1973.5 20.1 1.3 
TMS009-75 1065.5 34.7 1060.2 24.8 1049.3 26.5 1049.3 26.5 
TMS009-76 17.6 0.8 25.2 12.9 822.0 1155.9 17.6 0.8 
TMS009-78 1078.2 16.1 1073.7 24.8 1064.6 67.7 1064.6 67.7 
TMS009-79 1158.2 22.7 1170.8 15.6 1194.1 13.2 1194.1 13.2 
TMS009-80 382.8 5.5 381.4 6.8 372.5 34.5 382.8 5.5 
TMS009-81 1095.7 45.1 1081.2 31.6 1052.3 31.4 1052.3 31.4 
TMS009-82 1778.5 27.4 1743.8 15.8 1702.3 12.7 1702.3 12.7 
TMS009-83 97.7 7.9 101.1 15.0 181.5 312.7 97.7 7.9 
TMS009-84 227.3 6.6 221.7 10.2 162.1 97.9 227.3 6.6 
TMS009-86 1410.5 27.0 1424.3 17.9 1444.9 18.1 1444.9 18.1 
TMS009-87 425.1 11.9 418.8 11.3 383.9 36.3 425.1 11.9 
TMS009-89 1729.8 12.8 1794.9 9.1 1871.3 12.2 1871.3 12.2 
TMS009-90 1682.3 22.3 1696.3 12.6 1713.6 5.6 1713.6 5.6 
TMS009-91 1250.2 28.9 1408.5 19.6 1656.8 7.5 1656.8 7.5 
TMS009-92 219.9 6.7 221.6 8.0 240.2 60.0 219.9 6.7 
TMS009-93 1099.5 30.8 1092.9 20.5 1079.7 7.5 1079.7 7.5 
TMS009-94 1211.4 27.8 1220.4 18.7 1236.5 14.4 1236.5 14.4 
TMS009-95 1796.0 14.8 1744.1 13.3 1682.5 23.7 1682.5 23.7 
TMS009-96 2832.2 71.3 2842.9 29.9 2850.5 6.5 2850.5 6.5 
TMS009-97 1765.1 30.0 1726.4 16.7 1679.7 9.8 1679.7 9.8 
TMS009-98 2817.0 70.7 2809.0 29.9 2803.3 8.5 2803.3 8.5 
TMS009-99 1072.9 19.8 1069.0 17.5 1061.0 34.6 1061.0 34.6 
TMS009-100 1484.7 42.7 1473.0 25.1 1456.1 2.9 1456.1 2.9 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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227 
SAMPLE TMSS010 
Isotope Ratios: Sample TMSS010, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS010-1 209 34665 7.4 12.2563 1.6 2.4077 1.9 0.2140 1.0 0.54 
TMS010-3 78 23697 1.9 10.1989 1.2 3.7696 1.6 0.2788 1.0 0.62 
TMS010-4 166 20121 1.1 9.6461 0.6 4.0855 1.3 0.2858 1.1 0.87 
TMS010-9 41 990 15.0 10.4118 2.6 2.9928 2.6 0.2260 0.5 0.18 
TMS010-11 224 169580 2.9 5.3925 0.3 14.0580 2.1 0.5498 2.0 0.99 
TMS010-14 138 33484 1.5 5.6888 0.6 10.1600 1.0 0.4192 0.8 0.82 
TMS010-20 226 17999 51.7 18.4906 8.1 0.4127 8.5 0.0553 2.4 0.28 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
Apparent Ages: Sample TMSS010, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS010-1 1250.2 11.6 1244.9 13.5 1235.7 31.0 1235.7 31.0 
TMS010-3 1585.5 13.9 1586.3 12.8 1587.3 23.3 1587.3 23.3 
TMS010-4 1620.6 15.6 1651.4 10.2 1690.8 11.4 1690.8 11.4 
TMS010-9 1313.5 5.8 1405.8 20.1 1548.6 48.8 1548.6 48.8 
TMS010-11 2824.4 46.8 2753.6 19.6 2702.2 4.8 2702.2 4.8 
TMS010-14 2256.8 15.8 2449.4 9.3 2613.5 9.6 2613.5 9.6 
TMS010-20 347.2 8.1 350.8 25.2 374.4 183.3 347.2 8.1 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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SAMPLE TMSS011 
Isotope Ratios: Sample TMSS011, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS011-1 85 15147 2.5 11.1463 0.8 2.8955 1.3 0.2341 1.0 0.79 
TMS011-10 73 29460 3.1 9.6862 1.1 3.9760 1.9 0.2793 1.6 0.84 
TMS011-100 144 6597 1.0 19.2044 7.2 0.3612 7.3 0.0503 1.3 0.18 
TMS011-11 113 40317 2.3 9.5916 0.4 4.1044 0.8 0.2855 0.7 0.88 
TMS011-12 120 58259 1.9 8.3480 0.5 5.6419 1.6 0.3416 1.5 0.95 
TMS011-13 59 23990 1.4 9.7007 1.2 4.0130 1.6 0.2823 1.2 0.71 
TMS011-15 115 50857 3.2 9.7005 1.0 4.0955 1.8 0.2881 1.5 0.83 
TMS011-16 208 13572 1.5 21.0059 6.5 0.2425 6.6 0.0369 0.9 0.14 
TMS011-17 99 41042 2.1 10.9127 1.0 3.1567 2.1 0.2498 1.9 0.89 
TMS011-18 94 20354 1.6 9.6286 0.7 4.2685 1.6 0.2981 1.4 0.88 
TMS011-19 197 65046 3.5 11.3111 0.9 2.7386 2.6 0.2247 2.5 0.94 
TMS011-2 407 12690 3.5 10.3508 0.3 3.2701 1.7 0.2455 1.7 0.98 
TMS011-20 209 10200 1.6 19.7262 4.4 0.2534 5.1 0.0363 2.5 0.49 
TMS011-21 390 48228 2.1 13.8077 0.8 1.6357 2.1 0.1638 2.0 0.93 
TMS011-23 1246 22839 4.0 20.9551 2.5 0.1009 3.3 0.0153 2.1 0.63 
TMS011-24 346 6440 1.1 21.1089 11.5 0.0939 11.7 0.0144 1.9 0.16 
TMS011-25 72 25750 4.3 11.7281 1.5 2.6490 2.4 0.2253 1.9 0.78 
TMS011-27 245 94869 3.4 9.6621 0.5 4.2641 2.0 0.2988 2.0 0.97 
TMS011-28 383 29591 5.2 18.3423 1.5 0.4502 1.7 0.0599 0.9 0.53 
TMS011-29 101 39152 3.2 11.7755 1.3 2.5636 2.2 0.2189 1.8 0.82 
TMS011-3 71 18691 4.6 13.5913 2.9 1.7418 3.1 0.1717 1.0 0.32 
TMS011-30 126 9222 1.8 20.3403 5.6 0.3773 5.8 0.0557 1.6 0.28 
TMS011-31 245 29831 3.6 10.4952 0.3 3.3840 2.5 0.2576 2.5 0.99 
TMS011-32 472 39833 1.5 18.3218 1.4 0.4657 2.1 0.0619 1.5 0.74 
TMS011-34 43 16013 3.2 10.4186 2.6 3.5044 2.9 0.2648 1.3 0.45 
TMS011-35 145 11551 3.3 13.2590 1.4 1.8030 1.7 0.1734 0.9 0.55 
TMS011-36 635 33492 4.2 19.7495 2.0 0.2438 2.1 0.0349 0.7 0.35 
TMS011-37 355 81387 4.8 13.7063 0.4 1.6599 1.1 0.1650 1.1 0.93 
TMS011-38 949 182436 5.9 13.4993 0.4 1.7658 0.9 0.1729 0.9 0.92 
TMS011-39 79 28835 1.0 10.6728 1.0 3.2958 1.3 0.2551 0.9 0.69 
TMS011-4 103 38927 5.8 9.3474 0.5 4.5495 1.4 0.3084 1.3 0.95 
TMS011-40 54 17033 1.7 11.4374 1.4 2.8279 1.6 0.2346 0.8 0.52 
TMS011-41 81 22689 3.6 11.8904 1.6 2.4960 1.7 0.2152 0.4 0.22 
TMS011-42 379 110078 3.2 9.6322 0.2 4.1506 1.2 0.2900 1.2 0.98 
TMS011-43 134 107927 2.0 5.5206 0.6 12.6136 1.6 0.5050 1.5 0.92 
TMS011-45 232 36182 2.3 10.9412 0.4 2.9336 1.5 0.2328 1.5 0.97 
TMS011-46 112 5245 3.3 21.1428 12.6 0.2232 12.7 0.0342 0.8 0.06 
TMS011-47 502 9121 2.4 21.3792 5.3 0.0858 5.4 0.0133 0.9 0.17 
TMS011-50 631 34129 1.0 17.7774 0.8 0.5477 1.5 0.0706 1.2 0.82 
TMS011-51 53 19639 0.5 11.0647 2.2 3.1700 2.5 0.2544 1.2 0.49 
TMS011-52 85 15128 1.6 12.6296 1.7 2.0865 2.3 0.1911 1.6 0.67 
TMS011-54 204 72558 2.2 9.6721 0.5 4.3249 1.1 0.3034 1.0 0.91 
TMS011-55 39 9873 1.8 13.6478 3.1 1.6725 3.2 0.1656 0.6 0.19 
230 
Isotope Ratios: Sample TMSS011, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS011-56 95 32987 2.3 11.4116 1.1 2.9793 1.7 0.2466 1.2 0.72 
TMS011-57 305 44300 0.7 13.8724 0.4 1.6255 0.8 0.1635 0.7 0.84 
TMS011-58 339 9428 2.3 18.4349 2.6 0.4383 2.7 0.0586 0.8 0.31 
TMS011-59 204 69604 1.6 9.9114 0.5 4.1050 1.8 0.2951 1.7 0.96 
TMS011-6 181 44004 12.2 13.1804 0.8 1.9524 2.7 0.1866 2.6 0.96 
TMS011-60 114 49817 1.9 9.7032 0.4 4.3707 1.4 0.3076 1.3 0.96 
TMS011-61 219 18482 1.8 9.6123 0.5 4.0368 0.5 0.2814 0.2 0.35 
TMS011-63 143 12712 3.4 12.8332 1.2 1.9808 1.8 0.1844 1.4 0.78 
TMS011-64 101 49293 1.4 9.7566 0.9 4.1626 1.6 0.2946 1.2 0.79 
TMS011-65 656 21934 8.2 11.2759 0.5 2.6852 1.3 0.2196 1.2 0.93 
TMS011-66 200 16708 1.4 18.6372 2.4 0.4486 2.5 0.0606 0.8 0.31 
TMS011-67 236 15178 1.7 17.7785 3.1 0.5088 4.0 0.0656 2.5 0.64 
TMS011-69 410 112649 2.9 9.1226 0.2 4.8841 1.0 0.3231 1.0 0.99 
TMS011-7 368 1267 1.2 22.3527 30.3 0.0181 30.4 0.0029 2.7 0.09 
TMS011-70 104 14786 3.0 16.8430 2.2 0.7778 2.3 0.0950 0.8 0.35 
TMS011-71 134 13386 1.9 18.3400 2.9 0.5217 3.2 0.0694 1.2 0.37 
TMS011-72 72 17322 1.7 11.2397 1.2 2.9615 1.7 0.2414 1.2 0.69 
TMS011-74 185 306 1.1 43.6067 112.1 0.0095 112.1 0.0030 3.1 0.03 
TMS011-75 56 22755 1.3 9.8982 1.2 3.9952 1.3 0.2868 0.6 0.46 
TMS011-76 45 15084 1.3 10.7698 2.2 3.2648 2.3 0.2550 0.9 0.38 
TMS011-78 152 59589 3.4 9.0140 0.5 5.0252 1.9 0.3285 1.8 0.96 
TMS011-79 73 27535 1.6 9.6415 1.0 4.2079 1.4 0.2942 1.0 0.69 
TMS011-8 65 23482 1.9 9.7071 0.7 4.0042 2.0 0.2819 1.9 0.94 
TMS011-80 374 152566 4.5 9.6758 0.2 4.3306 0.6 0.3039 0.5 0.91 
TMS011-81 403 4364 2.0 16.0908 1.5 0.6589 2.6 0.0769 2.2 0.84 
TMS011-82 267 79752 1.5 7.9389 0.2 6.3695 0.9 0.3667 0.8 0.96 
TMS011-83 136 40245 1.8 13.1910 1.8 1.9280 2.1 0.1845 1.1 0.55 
TMS011-84 109 21550 1.2 16.4611 2.4 0.8481 2.6 0.1012 0.8 0.33 
TMS011-85 222 64627 1.8 9.6608 0.4 4.1799 1.2 0.2929 1.1 0.95 
TMS011-86 47 20038 1.1 9.7851 1.7 4.3752 1.7 0.3105 0.2 0.14 
TMS011-87 437 95195 2.2 9.6602 0.3 4.2600 1.6 0.2985 1.5 0.98 
TMS011-88 590 75643 1.6 17.0602 1.0 0.7354 1.3 0.0910 0.8 0.65 
TMS011-89 363 33543 2.1 10.8902 0.5 3.1586 1.4 0.2495 1.3 0.94 
TMS011-9 80 21190 3.5 13.5234 1.3 1.7210 2.1 0.1688 1.6 0.77 
TMS011-90 158 49239 1.2 11.2637 1.1 3.0082 1.3 0.2457 0.6 0.45 
TMS011-91 272 113326 1.7 9.6727 0.2 4.2808 0.4 0.3003 0.4 0.92 
TMS011-92 462 123467 3.5 13.5569 0.7 1.7641 1.4 0.1735 1.2 0.86 
TMS011-94 397 107561 3.6 13.4301 0.5 1.9026 1.9 0.1853 1.8 0.97 
TMS011-95 97 28971 0.6 13.2324 1.9 1.9107 2.3 0.1834 1.3 0.56 
TMS011-97 664 151589 5.9 13.5710 0.3 1.7302 1.1 0.1703 1.1 0.97 
TMS011-98 98 2835 0.8 20.0552 15.9 0.1052 15.9 0.0153 0.9 0.06 
TMS011-99 132 16308 2.5 18.4735 4.6 0.5429 4.8 0.0727 1.3 0.26 
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Isotope Ratios: Sample TMSS011, Muddy Creek Formation, Nevada – continued 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
Apparent Ages: Sample TMSS011, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS011-1 1355.8 12.7 1380.7 10.0 1419.5 15.6 1419.5 15.6 
TMS011-10 1587.9 22.7 1629.3 15.6 1683.1 19.5 1683.1 19.5 
TMS011-100 316.4 4.2 313.1 19.8 288.6 165.3 316.4 4.2 
TMS011-11 1619.1 10.3 1655.2 6.7 1701.2 7.0 1701.2 7.0 
TMS011-12 1894.3 24.8 1922.5 13.8 1953.1 9.3 1953.1 9.3 
TMS011-13 1603.1 16.6 1636.8 13.3 1680.4 21.3 1680.4 21.3 
TMS011-15 1632.2 21.2 1653.4 14.4 1680.4 18.0 1680.4 18.0 
TMS011-16 233.9 2.0 220.5 13.0 79.7 154.3 233.9 2.0 
TMS011-17 1437.6 24.2 1446.6 16.4 1459.8 18.7 1459.8 18.7 
TMS011-18 1681.8 20.5 1687.3 12.9 1694.1 13.7 1694.1 13.7 
TMS011-19 1306.4 29.4 1339.0 19.6 1391.4 16.9 1391.4 16.9 
TMS011-2 1415.2 21.1 1474.0 13.1 1559.7 5.6 1559.7 5.6 
TMS011-20 229.6 5.6 229.4 10.5 226.9 102.8 229.6 5.6 
TMS011-21 977.9 18.1 984.0 13.5 997.8 16.2 997.8 16.2 
TMS011-23 98.1 2.0 97.6 3.0 85.5 60.1 98.1 2.0 
TMS011-24 92.0 1.7 91.2 10.2 68.1 274.9 92.0 1.7 
TMS011-25 1310.0 22.6 1314.4 18.0 1321.6 29.6 1321.6 29.6 
TMS011-27 1685.4 29.5 1686.5 16.8 1687.7 8.5 1687.7 8.5 
TMS011-28 375.0 3.3 377.4 5.4 392.5 32.8 375.0 3.3 
TMS011-29 1276.3 21.4 1290.3 16.4 1313.7 24.7 1313.7 24.7 
TMS011-3 1021.5 9.2 1024.1 19.8 1029.9 58.8 1029.9 58.8 
TMS011-30 349.2 5.5 325.1 16.2 155.6 131.1 349.2 5.5 
TMS011-31 1477.5 33.1 1500.7 19.8 1533.6 6.0 1533.6 6.0 
TMS011-32 387.0 5.8 388.2 6.7 395.0 31.1 387.0 5.8 
TMS011-34 1514.4 17.9 1528.2 23.1 1547.4 48.9 1547.4 48.9 
TMS011-35 1030.7 9.0 1046.5 11.3 1079.7 29.0 1079.7 29.0 
TMS011-36 221.3 1.6 221.5 4.2 224.2 45.5 221.3 1.6 
TMS011-37 984.5 9.6 993.3 7.2 1012.8 8.7 1012.8 8.7 
TMS011-38 1028.0 8.2 1033.0 6.1 1043.6 7.4 1043.6 7.4 
TMS011-39 1464.8 12.1 1480.1 10.4 1502.0 18.4 1502.0 18.4 
TMS011-4 1733.0 20.1 1740.1 11.6 1748.6 8.3 1748.6 8.3 
TMS011-40 1358.5 10.2 1363.0 12.0 1370.0 26.2 1370.0 26.2 
TMS011-41 1256.7 4.2 1270.9 12.1 1294.9 31.7 1294.9 31.7 
TMS011-42 1641.3 17.5 1664.3 10.1 1693.5 4.5 1693.5 4.5 
TMS011-43 2635.4 31.6 2651.2 14.9 2663.3 10.1 2663.3 10.1 
TMS011-45 1349.1 18.1 1390.6 11.6 1454.9 7.2 1454.9 7.2 
TMS011-46 217.0 1.6 204.6 23.5 64.3 302.1 217.0 1.6 
232 
Apparent Ages: Sample TMSS011, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS011-47 85.2 0.8 83.6 4.3 37.7 127.3 85.2 0.8 
TMS011-50 439.8 5.1 443.5 5.3 462.3 18.7 439.8 5.1 
TMS011-51 1461.1 15.9 1449.9 19.3 1433.5 41.6 1433.5 41.6 
TMS011-52 1127.4 16.2 1144.4 16.1 1176.6 34.3 1176.6 34.3 
TMS011-54 1708.1 15.2 1698.1 9.2 1685.8 8.7 1685.8 8.7 
TMS011-55 987.6 5.5 998.2 20.1 1021.5 62.9 1021.5 62.9 
TMS011-56 1420.8 15.3 1402.4 12.6 1374.4 22.0 1374.4 22.0 
TMS011-57 976.5 6.2 980.1 5.1 988.3 9.0 988.3 9.0 
TMS011-58 367.1 3.0 369.1 8.4 381.2 58.2 367.1 3.0 
TMS011-59 1666.9 25.1 1655.3 14.6 1640.6 9.7 1640.6 9.7 
TMS011-6 1103.1 25.9 1099.3 17.9 1091.6 15.5 1091.6 15.5 
TMS011-60 1728.8 20.0 1706.8 11.4 1679.9 7.3 1679.9 7.3 
TMS011-61 1598.6 2.5 1641.7 4.1 1697.3 8.7 1697.3 8.7 
TMS011-63 1090.8 14.4 1109.0 12.4 1144.9 23.1 1144.9 23.1 
TMS011-64 1664.3 18.0 1666.7 12.7 1669.8 17.5 1669.8 17.5 
TMS011-65 1279.7 14.0 1324.4 9.6 1397.3 9.0 1397.3 9.0 
TMS011-66 379.5 2.8 376.3 7.9 356.6 53.9 379.5 2.8 
TMS011-67 409.6 10.1 417.6 13.6 462.1 67.9 409.6 10.1 
TMS011-69 1805.1 16.0 1799.5 8.7 1793.1 3.1 1793.1 3.1 
TMS011-7 18.9 0.5 18.2 5.5 -69.9 755.6 18.9 0.5 
TMS011-70 585.1 4.5 584.2 10.3 580.7 46.9 585.1 4.5 
TMS011-71 432.5 4.9 426.3 11.0 392.8 66.0 432.5 4.9 
TMS011-72 1394.1 14.5 1397.8 12.7 1403.5 23.1 1403.5 23.1 
TMS011-74 19.4 0.6 9.6 10.7 -2075.9 0.0 19.4 0.6 
TMS011-75 1625.6 8.8 1633.2 10.9 1643.1 22.2 1643.1 22.2 
TMS011-76 1464.3 11.8 1472.7 18.1 1484.9 40.8 1484.9 40.8 
TMS011-78 1831.3 29.1 1823.6 16.1 1814.8 9.9 1814.8 9.9 
TMS011-79 1662.7 14.5 1675.6 11.8 1691.7 19.2 1691.7 19.2 
TMS011-8 1601.0 27.1 1635.1 16.5 1679.2 12.9 1679.2 12.9 
TMS011-80 1710.6 8.2 1699.2 5.0 1685.1 4.5 1685.1 4.5 
TMS011-81 477.6 10.2 513.9 10.7 679.2 31.0 477.6 10.2 
TMS011-82 2014.1 14.1 2028.1 7.5 2042.3 4.4 2042.3 4.4 
TMS011-83 1091.3 11.5 1090.9 14.0 1090.0 35.2 1090.0 35.2 
TMS011-84 621.7 5.0 623.6 12.0 630.4 52.3 621.7 5.0 
TMS011-85 1655.9 16.1 1670.1 9.5 1688.0 6.6 1688.0 6.6 
TMS011-86 1743.2 3.6 1707.7 14.3 1664.4 31.8 1664.4 31.8 
TMS011-87 1683.7 22.9 1685.7 12.9 1688.1 5.0 1688.1 5.0 
TMS011-88 561.4 4.5 559.7 5.5 552.9 21.2 561.4 4.5 
TMS011-89 1435.8 17.2 1447.1 11.0 1463.8 9.5 1463.8 9.5 
TMS011-9 1005.5 14.9 1016.4 13.5 1040.0 27.3 1040.0 27.3 
TMS011-90 1416.5 7.3 1409.7 9.7 1399.4 21.8 1399.4 21.8 
TMS011-91 1692.8 5.9 1689.7 3.6 1685.7 3.1 1685.7 3.1 
TMS011-92 1031.1 11.2 1032.4 8.8 1035.0 13.9 1035.0 13.9 
TMS011-94 1096.0 18.1 1082.0 12.4 1054.0 9.5 1054.0 9.5 
TMS011-95 1085.4 12.7 1084.8 15.2 1083.7 37.9 1083.7 37.9 
233 
Apparent Ages: Sample TMSS011, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS011-97 1013.7 10.2 1019.8 7.3 1032.9 6.0 1032.9 6.0 
TMS011-98 97.9 0.9 101.5 15.3 188.6 371.0 97.9 0.9 
TMS011-99 452.6 5.5 440.3 17.2 376.5 104.3 452.6 5.5 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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236 
SAMPLE TMSS012 
Isotope Ratios: Sample TMSS012, Muddy Creek Formation, Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS012-1 109 10600 3.2 19.3272 7.5 0.4389 7.7 0.0615 1.6 0.21 
TMS012-10 105 40232 1.4 10.9433 1.1 3.1365 1.8 0.2489 1.4 0.80 
TMS012-100 308 30901 0.7 18.2270 3.1 0.5009 3.1 0.0662 0.5 0.16 
TMS012-12 146 39115 2.3 13.1711 1.0 1.8679 1.6 0.1784 1.2 0.75 
TMS012-13 131 41683 2.6 13.1228 0.6 1.9490 1.2 0.1855 1.0 0.87 
TMS012-14 91 22422 2.6 13.3558 1.5 1.8440 1.9 0.1786 1.0 0.56 
TMS012-15 291 89387 2.1 13.3583 0.6 1.8285 1.3 0.1772 1.2 0.91 
TMS012-17 107 33924 2.7 11.4148 1.3 2.8888 2.5 0.2392 2.1 0.85 
TMS012-19 156 53937 3.9 11.8800 1.1 2.5693 2.0 0.2214 1.7 0.84 
TMS012-2 254 131414 2.2 9.3949 0.3 4.5928 0.9 0.3129 0.9 0.95 
TMS012-21 152 589 0.8 3.2174 555.7 0.1236 555.7 0.0029 7.9 0.01 
TMS012-22 134 21735 1.6 16.4146 2.0 0.8438 2.2 0.1005 1.0 0.45 
TMS012-23 160 730 0.9 20.4556 96.0 0.0213 96.0 0.0032 3.9 0.04 
TMS012-24 160 65473 1.5 9.6361 0.5 4.2374 0.8 0.2961 0.6 0.73 
TMS012-25 104 33191 5.6 13.2430 1.3 1.8605 1.4 0.1787 0.6 0.45 
TMS012-26 549 109711 1.9 11.0441 0.2 3.0271 0.3 0.2425 0.2 0.69 
TMS012-27 106 13142 0.9 10.7390 1.0 3.1404 1.4 0.2446 1.0 0.71 
TMS012-28 183 55090 6.1 13.0081 1.2 1.9689 1.3 0.1858 0.6 0.41 
TMS012-29 106 42327 1.1 9.8782 0.6 4.0298 1.2 0.2887 1.1 0.88 
TMS012-30 101 94777 0.6 4.9033 0.3 15.7863 1.3 0.5614 1.3 0.98 
TMS012-31 322 20779 2.0 9.6795 0.4 4.2611 0.6 0.2991 0.4 0.68 
TMS012-33 184 1023 0.9 19.1478 82.1 0.0210 82.6 0.0029 8.6 0.10 
TMS012-34 192 17271 1.3 18.5393 2.3 0.4809 2.4 0.0647 0.7 0.29 
TMS012-35 179 50733 2.9 13.1834 0.4 1.9504 1.5 0.1865 1.4 0.96 
TMS012-36 120 44023 1.3 12.3117 0.8 2.3634 1.1 0.2110 0.7 0.69 
TMS012-37 170 919 1.0 45.5983 125.1 0.0092 125.1 0.0030 2.1 0.02 
TMS012-38 62 21459 1.9 13.2819 2.0 1.9668 2.1 0.1895 0.4 0.19 
TMS012-39 143 581 1.0 18.5165 33.8 0.0204 34.8 0.0027 8.3 0.24 
TMS012-40 259 1375 0.9 31.0862 49.0 0.0137 49.1 0.0031 2.1 0.04 
TMS012-41 49 14757 1.6 13.7036 2.0 1.8477 2.1 0.1836 0.6 0.29 
TMS012-42 99 32017 1.8 13.0814 1.1 2.1401 2.6 0.2030 2.4 0.91 
TMS012-43 118 4847 0.5 21.7103 19.2 0.1476 19.3 0.0232 1.5 0.08 
TMS012-44 525 56608 3.4 12.6964 0.3 2.1895 1.1 0.2016 1.1 0.97 
TMS012-45 81 30308 0.8 11.0380 1.7 3.0947 1.8 0.2477 0.5 0.29 
TMS012-46 27 15652 1.1 7.7920 2.0 6.7723 2.1 0.3827 0.4 0.21 
TMS012-47 241 73789 0.9 12.4646 0.7 2.2862 1.0 0.2067 0.7 0.69 
TMS012-48 266 87862 2.3 12.6677 0.7 2.2206 1.9 0.2040 1.7 0.93 
TMS012-49 57 17939 1.4 10.0897 1.1 3.7319 1.2 0.2731 0.6 0.46 
TMS012-5 377 34071 2.4 18.6041 2.3 0.4081 3.0 0.0551 1.9 0.64 
TMS012-50 189 144042 1.2 5.7145 0.2 12.1265 1.0 0.5026 1.0 0.97 
TMS012-51 407 125649 4.4 12.8074 0.3 2.0969 1.1 0.1948 1.0 0.96 
TMS012-52 90 24434 2.4 12.9457 0.9 2.0443 0.9 0.1919 0.2 0.24 
TMS012-53 159 60036 2.1 11.0253 0.6 3.2014 1.0 0.2560 0.7 0.75 
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Isotope Ratios: Sample TMSS012, Muddy Creek Formation, Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS012-55 57 16909 1.7 13.0494 3.0 2.0323 3.0 0.1923 0.6 0.20 
TMS012-56 158 45539 2.7 12.3323 1.3 2.3716 1.5 0.2121 0.7 0.46 
TMS012-57 141 46475 2.6 12.4561 1.1 2.3744 1.5 0.2145 1.0 0.65 
TMS012-58 230 513 1.1 21.8637 32.1 0.0191 32.5 0.0030 4.7 0.14 
TMS012-59 100 34154 2.5 13.9301 1.7 1.6884 1.8 0.1706 0.6 0.35 
TMS012-6 59 16057 1.2 10.0993 1.5 3.9393 2.7 0.2885 2.2 0.84 
TMS012-60 175 631 1.0 9.4668 252.3 0.0456 252.4 0.0031 4.8 0.02 
TMS012-61 238 95258 4.5 9.1683 0.4 4.7372 1.5 0.3150 1.4 0.97 
TMS012-62 185 988 1.1 11.5968 181.8 0.0369 181.8 0.0031 5.1 0.03 
TMS012-63 185 374 0.9 11.5906 37.5 0.0364 37.6 0.0031 3.3 0.09 
TMS012-64 231 76001 2.4 9.6882 0.5 4.3528 1.0 0.3059 0.9 0.88 
TMS012-65 251 93316 2.7 9.1410 0.2 4.8368 1.6 0.3207 1.6 0.99 
TMS012-66 143 33317 1.4 13.1885 1.4 1.9360 1.6 0.1852 0.9 0.53 
TMS012-67 392 16831 1.8 16.5626 1.2 0.8057 1.5 0.0968 0.9 0.60 
TMS012-68 133 705 1.1 15.8572 334.6 0.0282 334.7 0.0032 7.4 0.02 
TMS012-69 164 73920 3.0 9.0087 0.6 4.4863 1.5 0.2931 1.3 0.91 
TMS012-7 307 127330 2.1 10.3015 0.9 3.6051 2.6 0.2694 2.4 0.94 
TMS012-70 19 11397 1.3 7.8264 1.8 6.6236 1.8 0.3760 0.3 0.17 
TMS012-72 330 162772 6.4 9.3718 0.2 4.7793 0.9 0.3248 0.9 0.98 
TMS012-73 297 107744 2.8 13.8921 0.5 1.6400 1.1 0.1652 1.0 0.91 
TMS012-74 301 38585 2.9 18.0544 1.7 0.5116 1.7 0.0670 0.5 0.27 
TMS012-75 74 16051 2.2 8.7660 2.8 5.2068 3.1 0.3310 1.2 0.39 
TMS012-76 2843 15881 1.5 20.8597 6.0 0.0170 10.2 0.0026 8.3 0.81 
TMS012-77 480 58770 2.6 10.8000 0.2 3.1696 1.0 0.2483 1.0 0.98 
TMS012-78 542 68913 2.2 16.1584 0.5 0.9490 0.8 0.1112 0.7 0.80 
TMS012-79 239 1261 0.9 25.2556 54.0 0.0179 54.0 0.0033 0.7 0.01 
TMS012-8 528 45143 1.5 17.8645 1.3 0.5515 1.6 0.0715 1.0 0.61 
TMS012-80 508 45873 2.6 18.7378 2.1 0.4031 2.4 0.0548 1.2 0.51 
TMS012-81 99 47777 1.4 9.9619 1.2 4.1351 2.5 0.2988 2.1 0.86 
TMS012-82 1097 25556 1.8 19.1312 0.5 0.3163 1.5 0.0439 1.4 0.93 
TMS012-83 376 147433 1.7 10.9852 0.4 3.1737 1.7 0.2529 1.6 0.97 
TMS012-84 531 28367 4.3 16.4213 1.2 0.8178 1.6 0.0974 1.0 0.62 
TMS012-85 181 24849 1.4 17.9127 2.5 0.5761 2.8 0.0748 1.3 0.47 
TMS012-86 193 23703 2.0 16.6744 1.5 0.7877 3.2 0.0953 2.8 0.88 
TMS012-87 599 25025 1.8 12.5789 0.4 1.8688 5.8 0.1705 5.8 1.00 
TMS012-89 197 62601 2.7 13.6160 1.1 1.7859 1.2 0.1764 0.5 0.42 
TMS012-9 185 8798 0.4 19.4110 6.4 0.2855 6.4 0.0402 0.8 0.13 
TMS012-90 173 17869 1.1 18.6220 3.3 0.4347 3.5 0.0587 1.1 0.31 
TMS012-91 159 42260 1.2 13.7004 1.1 1.7307 1.7 0.1720 1.3 0.78 
TMS012-92 316 14448 1.1 19.7470 3.7 0.1911 4.0 0.0274 1.5 0.38 
TMS012-93 158 45928 2.3 13.3156 0.8 1.8884 1.2 0.1824 0.9 0.75 
TMS012-94 98 42641 0.9 8.4980 0.3 5.0518 0.7 0.3114 0.7 0.90 
TMS012-95 464 290519 9.3 5.9767 11.7 10.6973 12.8 0.4637 5.2 0.40 
TMS012-97 142 39308 1.7 9.6529 0.6 4.3126 0.7 0.3019 0.4 0.53 
TMS012-98 141 39789 3.1 13.5292 1.5 1.7606 1.6 0.1728 0.3 0.17 
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Isotope Ratios: Sample TMSS012, Muddy Creek Formation, Nevada – continued 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
Apparent Ages: Sample TMSS012, Muddy Creek Formation, Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS012-1 384.8 5.9 369.4 23.8 273.9 172.2 384.8 5.9 
TMS012-10 1433.0 18.3 1441.7 13.7 1454.5 20.3 1454.5 20.3 
TMS012-100 413.3 2.0 412.3 10.6 406.6 69.1 413.3 2.0 
TMS012-12 1058.4 11.6 1069.8 10.5 1093.0 20.9 1093.0 20.9 
TMS012-13 1096.9 10.4 1098.1 8.0 1100.4 11.8 1100.4 11.8 
TMS012-14 1059.4 10.2 1061.3 12.3 1065.1 31.1 1065.1 31.1 
TMS012-15 1051.4 11.6 1055.7 8.7 1064.8 11.3 1064.8 11.3 
TMS012-17 1382.3 26.4 1379.0 18.8 1373.8 25.2 1373.8 25.2 
TMS012-19 1289.1 19.9 1291.9 14.8 1296.6 21.5 1296.6 21.5 
TMS012-2 1755.2 13.7 1748.0 7.8 1739.3 5.4 1739.3 5.4 
TMS012-21 18.6 1.5 118.4 722.3 3525.0 34.8 3525.0 34.8 
TMS012-22 617.1 5.8 621.3 10.3 636.5 42.8 617.1 5.8 
TMS012-23 20.3 0.8 21.4 20.3 142.4 883.1 20.3 0.8 
TMS012-24 1672.1 8.4 1681.3 6.4 1692.7 9.8 1692.7 9.8 
TMS012-25 1059.8 6.2 1067.2 9.4 1082.1 25.5 1082.1 25.5 
TMS012-26 1399.5 2.8 1414.5 2.5 1437.0 4.5 1437.0 4.5 
TMS012-27 1410.5 12.2 1442.7 10.5 1490.3 18.0 1490.3 18.0 
TMS012-28 1098.3 5.6 1104.9 9.0 1118.0 24.3 1118.0 24.3 
TMS012-29 1635.1 15.5 1640.2 9.9 1646.8 10.8 1646.8 10.8 
TMS012-30 2872.4 30.3 2864.0 12.8 2858.0 4.6 2858.0 4.6 
TMS012-31 1687.0 5.9 1685.9 4.8 1684.4 7.9 1684.4 7.9 
TMS012-33 18.8 1.6 21.1 17.2 295.3 2365.3 18.8 1.6 
TMS012-34 403.9 2.7 398.7 8.0 368.5 52.1 403.9 2.7 
TMS012-35 1102.3 14.3 1098.6 9.9 1091.2 8.3 1091.2 8.3 
TMS012-36 1234.3 8.3 1231.6 7.7 1226.8 15.4 1226.8 15.4 
TMS012-37 19.5 0.4 9.3 11.5 -2250.2 0.0 19.5 0.4 
TMS012-38 1118.5 4.0 1104.2 14.0 1076.3 40.9 1076.3 40.9 
TMS012-39 17.6 1.5 20.5 7.0 371.3 780.7 17.6 1.5 
TMS012-40 19.9 0.4 13.8 6.7 -949.5 1513.1 19.9 0.4 
TMS012-41 1086.8 6.2 1062.6 13.9 1013.2 40.9 1013.2 40.9 
TMS012-42 1191.6 25.7 1161.9 18.0 1106.8 21.6 1106.8 21.6 
TMS012-43 148.1 2.2 139.8 25.2 0.8 466.5 148.1 2.2 
TMS012-44 1184.0 11.7 1177.7 7.8 1166.2 5.8 1166.2 5.8 
TMS012-45 1426.8 6.8 1431.4 13.8 1438.1 32.7 1438.1 32.7 
TMS012-46 2089.0 7.9 2082.1 18.3 2075.3 35.5 2075.3 35.5 
TMS012-47 1211.1 7.8 1208.0 7.2 1202.6 14.5 1202.6 14.5 
TMS012-48 1196.8 19.1 1187.5 13.1 1170.7 13.5 1170.7 13.5 
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Apparent Ages: Sample TMSS012, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS012-49 1556.5 7.7 1578.2 9.7 1607.4 20.2 1607.4 20.2 
TMS012-5 345.5 6.4 347.5 8.8 360.6 52.0 345.5 6.4 
TMS012-50 2624.9 20.6 2614.2 9.2 2606.0 3.8 2606.0 3.8 
TMS012-51 1147.2 11.0 1147.8 7.5 1148.9 6.3 1148.9 6.3 
TMS012-52 1131.9 2.2 1130.4 6.0 1127.5 17.0 1127.5 17.0 
TMS012-53 1469.3 9.5 1457.5 7.5 1440.3 12.2 1440.3 12.2 
TMS012-55 1134.1 6.4 1126.4 20.6 1111.6 59.3 1111.6 59.3 
TMS012-56 1240.1 7.6 1234.1 10.5 1223.5 25.6 1223.5 25.6 
TMS012-57 1252.8 11.0 1234.9 10.6 1203.9 22.1 1203.9 22.1 
TMS012-58 19.5 0.9 19.2 6.2 -16.2 795.0 19.5 0.9 
TMS012-59 1015.3 6.0 1004.2 11.6 979.9 34.5 979.9 34.5 
TMS012-6 1634.2 32.3 1621.8 21.7 1605.7 27.5 1605.7 27.5 
TMS012-60 20.2 1.0 45.3 112.3 1725.3 580.3 20.2 1.0 
TMS012-61 1765.3 21.8 1773.9 12.3 1784.0 7.0 1784.0 7.0 
TMS012-62 20.0 1.0 36.8 65.8 1343.3 549.1 20.0 1.0 
TMS012-63 19.7 0.7 36.3 13.4 1344.4 750.7 19.7 0.7 
TMS012-64 1720.3 13.1 1703.4 8.2 1682.8 8.8 1682.8 8.8 
TMS012-65 1793.0 24.7 1791.3 13.4 1789.4 3.7 1789.4 3.7 
TMS012-66 1095.2 8.8 1093.6 11.0 1090.4 27.8 1090.4 27.8 
TMS012-67 595.6 5.0 600.1 6.7 617.1 25.8 595.6 5.0 
TMS012-68 20.9 1.5 28.2 93.4 710.4 0.0 20.9 1.5 
TMS012-69 1657.1 19.4 1728.4 12.1 1815.9 10.7 1815.9 10.7 
TMS012-7 1537.5 32.8 1550.7 20.4 1568.6 16.9 1568.6 16.9 
TMS012-70 2057.4 5.2 2062.5 15.7 2067.5 31.0 2067.5 31.0 
TMS012-72 1813.4 14.6 1781.3 7.9 1743.8 3.4 1743.8 3.4 
TMS012-73 985.8 9.1 985.7 6.9 985.5 9.2 985.5 9.2 
TMS012-74 418.0 1.9 419.5 5.9 427.9 37.0 418.0 1.9 
TMS012-75 1843.4 19.2 1853.7 26.3 1865.3 51.3 1865.3 51.3 
TMS012-76 16.6 1.4 17.1 1.7 96.3 141.1 16.6 1.4 
TMS012-77 1429.5 12.5 1449.8 7.7 1479.6 3.8 1479.6 3.8 
TMS012-78 679.8 4.3 677.6 4.1 670.2 10.6 679.8 4.3 
TMS012-79 21.2 0.2 18.1 9.7 -377.3 1501.0 21.2 0.2 
TMS012-8 444.9 4.1 446.0 5.7 451.4 28.0 444.9 4.1 
TMS012-80 343.8 4.1 343.9 7.0 344.5 47.0 343.8 4.1 
TMS012-81 1685.2 31.7 1661.3 20.2 1631.2 23.1 1631.2 23.1 
TMS012-82 276.9 3.8 279.1 3.7 297.3 12.3 276.9 3.8 
TMS012-83 1453.2 21.1 1450.8 12.9 1447.2 7.6 1447.2 7.6 
TMS012-84 599.1 5.7 606.8 7.2 635.6 26.6 599.1 5.7 
TMS012-85 465.3 5.9 462.0 10.5 445.5 55.3 465.3 5.9 
TMS012-86 586.6 15.7 589.9 14.2 602.6 32.0 586.6 15.7 
TMS012-87 1014.8 54.3 1070.1 38.4 1184.6 8.4 1184.6 8.4 
TMS012-89 1047.1 5.0 1040.3 8.0 1026.2 22.7 1026.2 22.7 
TMS012-9 254.0 2.1 255.0 14.5 264.1 146.8 254.0 2.1 
TMS012-90 367.8 3.8 366.5 10.7 358.5 74.9 367.8 3.8 
TMS012-91 1023.0 12.5 1020.0 10.9 1013.7 21.4 1013.7 21.4 
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Apparent Ages: Sample TMSS012, Muddy Creek Formation, Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS012-92 174.1 2.6 177.6 6.5 224.5 85.3 174.1 2.6 
TMS012-93 1079.9 9.1 1077.0 8.1 1071.2 16.2 1071.2 16.2 
TMS012-94 1747.4 10.0 1828.0 6.2 1921.2 5.9 1921.2 5.9 
TMS012-95 2455.9 105.4 2497.2 119.2 2531.0 197.0 2531.0 197.0 
TMS012-97 1700.8 5.8 1695.8 6.0 1689.5 11.4 1689.5 11.4 
TMS012-98 1027.3 2.6 1031.1 10.1 1039.1 31.1 1039.1 31.1 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
 
 
 
 
241
30
00
26
00
22
00
18
00
14
00
10
00
0.
0
0.
2
0.
4
0.
6
0
4
8
12
16
20
20
7 P
b/
23
5 U
206
Pb/
238
U
da
ta
-p
oi
nt
 e
rro
r e
llip
se
s 
ar
e 
2σ
U
/P
b 
co
nc
or
di
a 
di
ag
ra
m
 o
f z
irc
on
 a
na
ly
se
s f
ro
m
 sa
m
pl
e 
TM
SS
01
2.
242
012345678910
0
50
0
10
00
15
00
20
00
25
00
30
00
35
00
40
00
Ag
e 
(M
a)
Number
Relative probability
Pr
ob
ab
ili
ty
 d
en
si
ty
 p
lo
t o
f z
irc
on
 a
na
ly
se
s f
ro
m
 sa
m
pl
e 
TM
SS
01
2.
243 
SAMPLE TMSS013 
Isotope Ratios: Sample TMSS013, Older alluvium 2 (Qoa2), Nevada 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS013-2 512 92891 4.3 10.2225 0.2 3.3438 0.9 0.2479 0.9 0.96 
TMS013-3 152 398 2.0 6.5067 160.5 0.0413 160.5 0.0019 3.8 0.02 
TMS013-5 116 20299 1.3 10.7680 0.8 3.1123 1.5 0.2431 1.3 0.85 
TMS013-6 92 2607 3.5 19.1015 12.6 0.3938 12.7 0.0546 1.6 0.12 
TMS013-10 170 42561 1.4 11.0849 0.9 2.7404 1.3 0.2203 1.0 0.74 
TMS013-12 56 12245 1.4 13.3600 2.3 1.9321 2.4 0.1872 0.4 0.18 
TMS013-14 25 1051 0.6 9.5320 4.9 3.3245 6.0 0.2298 3.4 0.57 
TMS013-16 666 144973 4.1 13.4193 0.3 1.8451 2.1 0.1796 2.0 0.99 
TMS013-17 242 20280 1.5 18.4218 2.2 0.5233 2.6 0.0699 1.4 0.55 
TMS013-18 69 18781 2.7 12.8832 1.9 2.0855 2.8 0.1949 2.0 0.72 
TMS013-19 351 80911 1.3 12.3672 0.3 2.3388 1.0 0.2098 1.0 0.95 
TMS013-22 38 8182 2.1 13.4588 3.3 1.7566 3.6 0.1715 1.3 0.36 
TMS013-23 245 22380 2.7 17.9554 1.9 0.5310 2.1 0.0691 0.8 0.40 
TMS013-24 230 3810 1.2 16.6615 17.1 0.3226 17.1 0.0390 1.1 0.07 
TMS013-26 600 859 0.5 21.0902 20.6 0.0224 20.7 0.0034 1.4 0.07 
TMS013-27 74 39452 2.1 5.6094 0.3 12.4061 1.5 0.5047 1.5 0.98 
TMS013-29 294 25348 2.3 11.3241 0.9 2.8127 1.2 0.2310 0.8 0.70 
TMS013-30 94 17660 1.7 9.2303 2.2 3.2733 2.7 0.2191 1.6 0.60 
TMS013-31 314 26930 5.9 16.3687 1.1 0.8744 1.4 0.1038 0.9 0.65 
TMS013-32 100 6921 1.4 19.6698 8.5 0.3490 8.8 0.0498 2.3 0.26 
TMS013-34 91 17406 8.2 13.7711 2.7 1.6385 2.7 0.1636 0.7 0.24 
TMS013-36 221 13286 2.6 19.3287 4.8 0.4042 5.0 0.0567 1.4 0.27 
TMS013-37 384 31079 2.3 16.6335 1.5 0.8313 1.6 0.1003 0.7 0.43 
TMS013-38 72 19103 4.2 12.6696 1.8 2.1974 2.2 0.2019 1.2 0.57 
TMS013-40 537 1002 1.3 35.1989 30.2 0.0077 30.3 0.0020 1.1 0.04 
TMS013-42 422 28581 9.4 18.2479 1.2 0.4738 1.4 0.0627 0.7 0.50 
TMS013-45 668 13080 6.9 18.5287 5.3 0.3389 5.4 0.0455 0.7 0.13 
TMS013-46 36 16984 2.1 9.3826 1.5 4.5031 2.5 0.3064 1.9 0.78 
TMS013-47 67 4101 2.6 17.6185 9.9 0.5437 10.0 0.0695 1.5 0.15 
TMS013-48 48 10880 1.7 13.2447 2.2 1.9389 3.8 0.1863 3.1 0.81 
TMS013-50 243 48035 2.4 13.6304 0.9 1.6958 1.7 0.1676 1.4 0.84 
TMS013-55 358 19937 3.6 11.2047 0.4 2.7905 1.8 0.2268 1.8 0.98 
TMS013-57 288 67505 4.5 12.5444 0.7 2.0572 1.3 0.1872 1.1 0.84 
TMS013-58 116 26719 2.1 10.9911 0.8 3.0513 1.7 0.2432 1.5 0.89 
TMS013-60 270 39886 2.7 16.3671 1.1 0.8469 1.6 0.1005 1.2 0.74 
TMS013-61 364 25468 2.2 18.4238 1.7 0.4960 2.3 0.0663 1.6 0.68 
TMS013-62 151 31118 5.3 12.7400 0.8 2.0917 2.1 0.1933 1.9 0.92 
TMS013-63 122 21844 3.4 13.2806 0.9 1.9011 1.4 0.1831 1.1 0.76 
TMS013-64 535 27500 3.9 12.0233 0.8 2.3922 1.8 0.2086 1.5 0.88 
TMS013-65 228 54513 8.3 12.5896 1.0 2.0806 2.0 0.1900 1.7 0.87 
TMS013-66 238 1053 1.7 24.4252 30.9 0.0164 31.0 0.0029 2.6 0.08 
TMS013-67 63 15253 3.1 13.3467 2.5 1.7114 3.1 0.1657 1.9 0.62 
TMS013-68 290 67742 5.0 13.3586 0.6 1.8604 1.1 0.1802 0.9 0.83 
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Isotope Ratios: Sample TMSS013, Older alluvium 2 (Qoa2), Nevada – continued 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
TMS013-69 395 39842 3.0 12.9263 0.7 1.9728 1.9 0.1849 1.8 0.93 
TMS013-70 211 94508 2.3 8.8734 0.5 5.3285 1.8 0.3429 1.7 0.96 
TMS013-71 312 15683 1.4 19.7505 3.7 0.1936 3.7 0.0277 0.8 0.22 
TMS013-72 114 23914 2.3 13.9739 1.5 1.6204 1.8 0.1642 0.9 0.51 
TMS013-74 83 25025 1.2 11.4417 1.3 2.7932 1.6 0.2318 0.9 0.55 
TMS013-75 214 36783 0.9 13.5682 0.4 1.7974 0.7 0.1769 0.6 0.82 
TMS013-76 161 21956 1.8 16.5731 2.6 0.8152 2.8 0.0980 0.9 0.32 
TMS013-77 160 28071 2.2 11.2689 0.5 2.9256 2.0 0.2391 1.9 0.97 
TMS013-78 46 18611 1.3 9.8128 1.8 4.1779 2.1 0.2973 1.1 0.51 
TMS013-79 139 12240 1.0 18.3606 3.5 0.5168 3.7 0.0688 1.0 0.28 
TMS013-81 226 26566 1.8 12.8779 1.1 2.1597 1.5 0.2017 1.0 0.66 
TMS013-82 151 87526 3.7 4.8111 0.3 15.8256 1.0 0.5522 0.9 0.95 
TMS013-85 369 831 0.7 6.5249 637.3 0.0403 637.3 0.0019 3.1 0.00 
TMS013-86 302 90334 2.6 12.5677 0.4 2.1994 2.1 0.2005 2.0 0.98 
TMS013-87 44 11413 1.7 13.1121 3.9 1.9034 11.1 0.1810 10.4 0.94 
TMS013-89 157 75190 1.9 9.6990 0.4 4.1088 0.8 0.2890 0.6 0.84 
TMS013-91 118 39513 2.8 9.6056 0.7 4.2459 1.6 0.2958 1.5 0.90 
TMS013-92 81 40508 1.8 9.7495 1.3 4.1838 2.3 0.2958 1.9 0.83 
TMS013-93 203 129807 1.8 6.2203 0.1 10.1951 2.4 0.4599 2.4 1.00 
TMS013-94 262 74282 2.8 13.4811 0.7 1.8299 1.4 0.1789 1.3 0.89 
TMS013-95 70 24359 1.1 10.5913 1.4 3.4319 1.7 0.2636 1.0 0.59 
TMS013-97 178 68420 1.2 9.7201 0.4 4.2322 1.5 0.2984 1.4 0.96 
TMS013-99 145 64419 1.6 9.8379 0.6 4.1475 1.6 0.2959 1.5 0.94 
TMS013-100 285 83644 1.4 11.3687 0.5 2.9503 0.9 0.2433 0.8 0.81 
TMS013-101 49 12675 3.0 12.8050 3.9 2.1561 4.1 0.2002 1.1 0.27 
TMS013-102 112 7523 1.6 19.4895 8.2 0.4196 8.4 0.0593 1.5 0.18 
TMS013-104 186 52804 1.7 11.3073 0.5 3.0580 0.8 0.2508 0.7 0.80 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
 
Apparent Ages: Sample TMSS013, Older alluvium 2 (Qoa2), Nevada 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS013-2 1427.7 11.1 1491.3 7.0 1583.0 4.4 1583.0 4.4 
TMS013-3 12.6 0.5 41.1 64.7 2387.4 283.6 2387.4 283.6 
TMS013-5 1402.6 16.3 1435.7 11.6 1485.2 14.9 1485.2 14.9 
TMS013-6 342.4 5.2 337.1 36.4 300.8 287.7 342.4 5.2 
TMS013-10 1283.5 11.5 1339.5 9.9 1430.0 17.1 1430.0 17.1 
TMS013-12 1106.2 4.4 1092.3 15.7 1064.5 46.5 1064.5 46.5 
TMS013-14 1333.6 41.2 1486.8 46.9 1712.7 90.9 1712.7 90.9 
TMS013-16 1064.7 20.0 1061.7 13.6 1055.6 6.8 1055.6 6.8 
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Apparent Ages: Sample TMSS013, Older alluvium 2 (Qoa2), Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS013-17 435.7 6.1 427.4 9.1 382.8 49.1 435.7 6.1 
TMS013-18 1147.7 20.9 1144.1 18.9 1137.2 38.1 1137.2 38.1 
TMS013-19 1227.6 10.7 1224.1 7.2 1218.0 5.9 1218.0 5.9 
TMS013-22 1020.2 12.3 1029.6 23.2 1049.7 67.2 1049.7 67.2 
TMS013-23 431.0 3.5 432.5 7.3 440.2 42.4 431.0 3.5 
TMS013-24 246.5 2.8 283.9 42.4 604.2 372.2 246.5 2.8 
TMS013-26 22.0 0.3 22.5 4.6 70.2 495.5 22.0 0.3 
TMS013-27 2634.1 31.6 2635.6 14.0 2636.8 4.8 2636.8 4.8 
TMS013-29 1339.8 10.2 1358.9 9.0 1389.2 16.4 1389.2 16.4 
TMS013-30 1277.3 18.9 1474.7 21.1 1771.6 39.6 1771.6 39.6 
TMS013-31 636.7 5.6 638.0 6.7 642.5 23.1 636.7 5.6 
TMS013-32 313.2 6.9 303.9 23.2 233.6 197.4 313.2 6.9 
TMS013-34 977.0 6.0 985.1 17.3 1003.2 54.0 1003.2 54.0 
TMS013-36 355.3 4.7 344.7 14.7 273.8 111.2 355.3 4.7 
TMS013-37 616.1 4.2 614.3 7.6 607.9 32.0 616.1 4.2 
TMS013-38 1185.6 13.2 1180.2 15.0 1170.3 35.1 1170.3 35.1 
TMS013-40 12.7 0.1 7.8 2.3 -1329.5 983.6 12.7 0.1 
TMS013-42 392.0 2.7 393.8 4.6 404.1 27.5 392.0 2.7 
TMS013-45 287.1 2.0 296.3 13.8 369.8 120.0 287.1 2.0 
TMS013-46 1723.1 29.0 1731.5 20.4 1741.7 28.1 1741.7 28.1 
TMS013-47 433.0 6.2 440.9 35.9 482.2 219.6 433.0 6.2 
TMS013-48 1101.0 31.0 1094.6 25.4 1081.9 44.6 1081.9 44.6 
TMS013-50 999.1 13.0 1006.9 10.7 1024.0 18.4 1024.0 18.4 
TMS013-55 1317.5 21.5 1353.0 13.8 1409.5 7.2 1409.5 7.2 
TMS013-57 1106.0 10.8 1134.7 8.6 1190.0 13.5 1190.0 13.5 
TMS013-58 1403.5 19.1 1420.6 13.1 1446.2 15.1 1446.2 15.1 
TMS013-60 617.5 7.1 623.0 7.6 642.7 23.4 617.5 7.1 
TMS013-61 413.7 6.2 409.0 7.7 382.6 38.0 413.7 6.2 
TMS013-62 1139.1 19.8 1146.1 14.2 1159.4 15.8 1159.4 15.8 
TMS013-63 1084.0 10.9 1081.5 9.6 1076.5 18.8 1076.5 18.8 
TMS013-64 1221.4 17.1 1240.3 12.6 1273.3 16.5 1273.3 16.5 
TMS013-65 1121.2 17.9 1142.4 13.7 1182.9 19.5 1182.9 19.5 
TMS013-66 18.7 0.5 16.5 5.1 -291.2 803.9 18.7 0.5 
TMS013-67 988.1 17.8 1012.8 20.2 1066.5 49.8 1066.5 49.8 
TMS013-68 1068.3 8.9 1067.1 7.2 1064.7 12.0 1064.7 12.0 
TMS013-69 1094.0 18.1 1106.3 13.1 1130.5 14.6 1130.5 14.6 
TMS013-70 1900.7 28.7 1873.4 15.5 1843.3 8.8 1843.3 8.8 
TMS013-71 176.4 1.4 179.7 6.2 224.1 84.5 176.4 1.4 
TMS013-72 980.2 8.2 978.2 11.1 973.5 30.9 973.5 30.9 
TMS013-74 1343.9 10.8 1353.7 12.1 1369.3 25.9 1369.3 25.9 
TMS013-75 1049.9 5.9 1044.5 4.8 1033.3 8.5 1033.3 8.5 
TMS013-76 602.6 5.1 605.4 12.7 615.7 56.8 602.6 5.1 
TMS013-77 1382.1 24.2 1388.6 15.1 1398.5 8.8 1398.5 8.8 
TMS013-78 1678.1 15.6 1669.7 17.0 1659.1 33.1 1659.1 33.1 
TMS013-79 429.0 4.3 423.0 12.7 390.3 79.2 429.0 4.3 
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Apparent Ages: Sample TMSS013, Older alluvium 2 (Qoa2), Nevada – continued 
Analysis 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
TMS013-81 1184.5 10.5 1168.2 10.3 1138.0 22.2 1138.0 22.2 
TMS013-82 2834.4 21.3 2866.3 9.4 2888.9 5.1 2888.9 5.1 
TMS013-85 12.3 0.4 40.1 255.7 2382.6 1234.8 2382.6 1234.8 
TMS013-86 1177.8 22.0 1180.8 14.6 1186.3 8.7 1186.3 8.7 
TMS013-87 1072.5 103.3 1082.3 74.3 1102.1 77.4 1102.1 77.4 
TMS013-89 1636.7 9.4 1656.0 6.3 1680.7 7.6 1680.7 7.6 
TMS013-91 1670.4 21.8 1682.9 13.5 1698.6 13.0 1698.6 13.0 
TMS013-92 1670.6 27.8 1670.9 18.7 1671.1 23.7 1671.1 23.7 
TMS013-93 2439.3 49.5 2452.6 22.6 2463.7 2.2 2463.7 2.2 
TMS013-94 1061.1 12.4 1056.3 9.4 1046.3 13.2 1046.3 13.2 
TMS013-95 1508.4 13.3 1511.7 13.3 1516.4 25.7 1516.4 25.7 
TMS013-97 1683.2 20.8 1680.3 12.1 1676.7 8.0 1676.7 8.0 
TMS013-99 1671.1 22.7 1663.7 13.5 1654.4 10.8 1654.4 10.8 
TMS013-100 1403.6 9.6 1394.9 7.1 1381.6 10.5 1381.6 10.5 
TMS013-101 1176.6 11.9 1167.0 28.3 1149.3 78.1 1149.3 78.1 
TMS013-102 371.4 5.5 355.8 25.1 254.8 189.2 371.4 5.5 
TMS013-104 1442.5 8.5 1422.2 6.3 1392.0 9.5 1392.0 9.5 
Notes: 
1. All uncertainties are reported at the 1-sigma level, and include only measurement errors. Systematic errors would increase the 
uncertainty of clusters of ages by 1-2%. 
2. U concentration and U/Th are calibrated relative to the Arizona LaserChron Center’s Sri Lanka zircon and are accurate to ~20%. 
3. Common Pb correction is from 204Pb, with composition interpreted from Stacey and Kramers (1975) and uncertainties of 1.5 for 
206Pb/204Pb, 0.3 for 207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
4. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of a large Sri Lanka zircon of 563.5 ± 3.2 Ma (2-sigma). 
5. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 10-10, 238U/235U = 137.88 
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APPENDIX III 
SANDSTONE PETROGRAPHY DATA 
Included below are sample locations and petrography data for each sandstone sample 
evaluated as part of this study. 
 
Table of sandstone sample locations. 
Sample Number Easting Nothing Unit 
TMSS001 11S0735250 4043416 Tmcu1 
TMSS002 11S0735399 4043179 Tmcu1 
TMSS003 11S0735511 4043366 Tmcu1 
TMSS004 11S0736209 4042360 Tmcl 
TMSS005 11S0738214 4041466 Tmcu3 
TMSS006 11S0741190 4042380 Tmcu3 
TMSS007 11S0741578 4045356 Tmcu3 
TMSS008 11S0740899 4042378 Tmcu2 
TMSS009 11S0739934 4041398 Tmcu2 
TMSS011 11S0736349 4036543 Tmcu2 
TMSS012 11S0734354 4035877 Tmcu2 
TMSS013 11S0732426 4035615 Qoa2 
Notes: 
Sample locations are referenced to the Universal Transverse Mercator (UTM), zone 11, North 
American Datum 1983 (NAD83). 
Tmcu1 = MCF: Upper sandstone, siltstone, and conglomerate member 
Tmcu2 = MCF: Upper conglomerate and sandstone member 
Tmcu3 = MCF: Upper sandstone and siltstone member 
Tmcl = MCF: Lower siltstone, sandstone, and gypsiferous siltstone member 
Qoa2 = Pleistocene-Pliocene(?) alluvium 
MCF = Muddy Creek Formation 
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APPENDIX IV 
CONGLOMERATE PETROLOGY DATA 
Included below are sample locations and clast petrology data for each conglomerate 
sample evaluated as part of this study.  Samples from the Muddy Creek Formation and 
samples from Pleistocene-Pliocene(?) alluvial deposits are grouped within separate 
tables.  
 
Table of conglomerate sample locations and sampled units. 
Sample Number Easting Nothing Unit 
TMGCL001 11S0735578 4042896 Tmcu1 
TMCGL002 11S0735319 4043257 Tmcu1 
TMCGL003 11S0740899 4042378 Tmcu2 
TMCGL004 11S0739934 4041398 Tmcu2 
TMCGL005 11S0741020 4042418 Pleistocene-Pliocene(?) 
TMCGL006 11S0740482 4044469 Pleistocene-Pliocene(?) 
TMCGL007 11S0740781 4044789 Pleistocene-Pliocene(?) 
TMCGL008 11S0732847 4032426 Pleistocene-Pliocene(?) 
TMCGL009 11S0736349 4036543 Tmcu2 
TMCGL010 11S0734354 4035877 Tmcu2 
TMCGL011 11S0732426 4035615 Pleistocene-Pliocene(?) 
TMCGL012 11S0733329 4038844 Pleistocene-Pliocene(?) 
TMCGL013 11S0729163 4041499 Pleistocene-Pliocene(?) 
Notes: 
Sample locations are referenced to the Universal Transverse Mercator (UTM), zone 11, North American 
Datum 1983 (NAD83). 
Tmcu1 = MCF: Upper sandstone, siltstone, and conglomerate member 
Tmcu2 = MCF: Upper conglomerate and sandstone member 
Tmcl = MCF: Lower siltstone, sandstone, and gypsiferous siltstone member 
MCF = Muddy Creek Formation 
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